
OPTICAL PICK-UP APPARATUS ACHIEVING HIGH NUMERICAL APERTURE, 
OPTICAL CONVERGING SYSTEM THEREFOR, AND RECORDING AND/OR 
REPRODUCING METHOD UTILIZING THEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical pick-up 
apparatus to record and reproduce the information onto the 
optical information recording medium having a plurality of 
information recording layers, in layer- like, and a light 
converging optical system of the optical pick-up apparatus, 
and optical information recording and reproducing method, and 
particularly to an opt ical: pick-up apparatus;: to-reeord or 

— reproduce the information onto a 1 aminated pl ura l ity of_ 

information recording layers, by using a luminous flux whose 
image side numerical aperture is not smaller than 1.0, using 
an evanescent light, a light converging optical system of the 
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optical pick-up apparatus, and optical information recording 
and reproducing method. 

Recently, accompanied by putting to practical use of 
the short wavelength red semiconductor laser, a DVD (digital 
versatile disk) whose dimension is almost the same as the CD 
(compact disk) which is the conventional optical disk, that 
is, optical information recording medium, and whose capacity 
is largely increased and which is the high density optical 
disk, is developed, and put into the market, however, it is 
forecasted that, in near future, the higher density next 
generation optical disk is also comes into the market. In 
the optical system of the optical information recording and 
reproducing apparatus using such the optical disk as the 
medium, in order to intend to highly increase the density of 
the recording signal, or to reproduce the high density 
recording signal, it is required that the spot diameter which 
is light converged onto the recording medium through the 
light converging optical system is reduced* For such the 
requirement, as a solution means, the optical element using 
the principle of near field is proposed. The high NA of such 
the optical element is attained by using the evanescent light 
which is leaked from a solid immersion lens opposite to the 
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information recording surface, and for example, it is written 
in Japanese Tokkai No. 2000-99990. 

However, when the information is recorded or reproduced 
to the optical information recording medium by using the 
evanescent light, because the evanescent light has the 
characteristic which rapidly attenuates corresponding to the 
distance, it is necessary that the information recording 
surface is formed on the surface of the optical information 
recording medium. However, a fact that the information 
recording surface is formed on the surface of the optical 
information recording medium, is that the protective layer 
can not be provided on the information recording surface. 
Accordingly, when it is used only in the hermetically 
shielded space, such the optical information recording medium 
can be used, however, for the removable optical disk such as 
the CD or DVD whose presupposition is that the user exchanges 
it by his hand, it is difficult that the information is 
recorded or reproduced by using the evanescent light. _ 

. Further, in order to intend to record or reproduce the 

high density information, the multi- layer type optical 
information recording medium in which the information 
recording layer is laminated, is also developed. When the 
recording or reproducing of the information is conducted onto 
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such the optical information recording medium, it is a 
problem how makes the information recording light including 
the evanescent light form an image onto each of information 
recording layers . 

SUMMARY OF THE INVENTION 

The present invention is attained in view of the 
forgoing conventional technological problem, and an object of 
the present invention is to provide an optical pick-up 
apparatus by which the high density optical information 
recording or reproducing can be conducted onto the multi- 
layer type optical information recording medium, a light 
converging optical system of the optical pick-up apparatus, 
and optical information recording or reproducing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a final optical element 
(almost semi spherical lens) const itufrinq—a portion of an 

obj ective lens of the present invention. ... 

Fig, 2 is an outline structural view of an optical 
pick-up apparatus by which the recording or reproducing of 
the information can be conducted onto a multi- layer type 
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optical information recording medium which is an embodiment 
of the present invention. 

Fig. 3 is an outline structural view showing an optical 
system according to the second embodiment . 

Fig. 4 is an outline structural view showing an optical 
system according to the third embodiment. 

Figs. 5(a) and 5(b) each is a view showing the 
relationship between the final optical element and diaphragm 
according to the fourth embodiment. 

Figs. 6(a) and 6(b) each is a view showing the 
relationship between the objective lens and diaphragm 
according to the fifth embodiment. 

Figs. 7(a) and 7(b) each is a view showing a light 
converging optical system according to the sixth embodiment. 

Figs. 8(a) and 8(b) each is a view showing the light 
converging optical system according to the seventh 
embodiment . 

Figs . 9 (a) and 9 (b) each is a view showing a light 
converging optical system according to the eighth embodiment . 

Fig. 10 is a view showing an objective lens composition 
according to another embodiment . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinafter, the structure to attain the above object 
will be explained. 

A first structure of the optical -pickup apparatus of 
the invention_is an optical pick-up apparatus which has a 
light source, and a light converging optical system to light 
converge onto any of information recording layers of the 
optical information recording medium having the laminated 
plurality of information recording layers, and in the optical 
pick-up apparatus in which the recording or reproducing of 
the information is conducted onto the optical information 
recording medium, because the light converging optical system 
records or reproduces the information onto the information 
recording layer by light converging the luminous flux whose 
image side numerical aperture is not smaller than the 1.0, 
onto the optical information recording layer, the high 
density optical information recording or reproducing can be 
conducted onto the optical information recording medium In 
this connection, as such the light convergin g opti cal system, 
so called a solid immersion lens, SIL, or SIM (which will be 
described later), is included, but, it is not limited to 
this. 



7 



5045 



In the optical system of the conventional optical pick- 
up apparatus, it is difficult to attain more than the image 
side numerical aperture (NA) of 1.0. The reason will be 
described below. The image side numerical aperture is 
defined as n • sin 6 (n is the refractive index of the medium 
of the image space, and the 9 is a half angle of the maximum 
cone angle in the medium of the image space) , however, in the 
optical pick-up apparatus, when the recording and reproducing 
of the information is conducted onto the recording medium 
rotating like the CD, the air layer absolutely exists between 
the optical system and the recording medium, and its 
refractive index n is 1. Further, because -1 ^ sin 9^1, 
the NA is 1 at the maximum, and in the actual image 
formation, the NA can only have a value not larger than 1. 

As described above, in the optical pick-up apparatus, 
on the presupposition that the air layer exists between the 
optical system and the optical information recording medium, 
when the image side numerical aperture (NA) can attain more 
than 1, because the spot diameter in the "information 
recording layer can be reduced very small, the recording 
density of the optical information recording medium is 
increased, and while intending to reduce the size of the 
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recording medium, the larger capacity information can be 
recorded or reproduced. Further, in the optical information 
recording medium having a plurality of information recording 
layers, an increase of the volume recording density can be 
intended. 

In opposition to this, in the present invention, as an 
example of the optical system to attain the image side 
numerical aperture (NA) , which is not smaller than 1, a light 
converging optical system using the effect of the near field 
is provided. Herein, the providing of the light converging 
optical system using the effect of the near field will be 
described below. Fig. 1 is a sectional view of the final 
optical element (almost semi-spherical lens) constituting a 
portion of the light converging optical system of the present 
invention. The luminous flux incident to the almost semi- 
spherical lens transmits within the range of the first 
predetermined angle 01, and is irradiated, onto the recording 
medium RM However, for the luminous f lux ::: exceeaing' tBe^ :r " r : 
first predetermined angle 8l, it is totally reflected on the 
lower surface of the almost semi -spherical lens HL, and as 
the result, it is said that the luminous flux is not 
effectively irradiated onto the recording medium RM. 
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Herein, when the light is totally reflected on the 
lower surface of the almost semi -spherical lens HL, there is 
a phenomenon that the evanescent light leaks out to the 
recording medium RM. Such the effect is called the near 
field effect, and the leaked-out light is called the 
evanescent light E. The evanescent light E has the 
characteristic that, after it is emitted from the almost 
semi-spherical lens HL, as the distance is larger, the light 
exponentially attenuates. Accordingly, when the distance A 
between the lower surface of the almost semi -spherical lens 
HL and the upper surface of the recording medium RM is 
larger, the evanescent light E attenuates and it can not be 
effectively used for the recording or reproducing of the 
information. However, when it is set that the distance A 
between the almost semi -spherical lens HL and the upper 
surface of the recording medium RM is smaller, (for example, 
lower than the wavelength of the transmitted light), because, 
before the evanescent light E attenuates, the light reaches 
the recording medium RM, the light can be used for the 
recording or reproducing of the information. That is, when 
the recording or reproducing of the information is conducted 
by using the luminous flux within the range which exceeds the 
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first predetermined angle Gl and which is to the second 
predetermined angle 02, and which is totally reflected, the 
light converging optical system whose image side numerical 
aperture (NA) is not smaller than 1.0 can be structured. In 
this connection, the light converging optical system is not 
only the above final optical element, but may also be 
structured of a plurality of optical elements. Further, when 
the distance A is smaller than the wavelength of the 
information recording light used for the recording or 
reproducing of the information, it can be effectively used 
before the attenuation of the evanescent light. 

In a second structure of the optical pick-up apparatus 
of the invention, the light conversing optical system has the 
final optical element opposite to the optical information 
recording medium, and the final optical surface of the final 
optical element is in contact with the surface of the optical 
information recording medium. Thus, the luminous flux to a 
predetermined angle 92 is not totally reflected on the lower 
surface of the almost semi -spherical lens HL and transmits 
it, and the recording or reproducing of the information can 
be conducted. 
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In a third structure of the optical pick-up apparatus 
of the invention, the light converging optical system has the 
final optical element opposite to the light information 
recording medium, and the final optical surface of the final 
optical element approximates to the surface of the optical 
information recording medium by spacing the distance not 
larger than one fourth of the wavelength of the light source. 
Thus, the recording or reproducing of the information can be 
conducted by using the evanescent light E. 

In a fourth structure of the optical pick-up apparatus 
of the invention, a plurality of light converging optical 
systems are provided, and each of light converging optical 
systems is used for recording or reproducing of the 
information for respectively different information recording 
layers. Thus, when the recording or reproducing of the 
information is conducted onto each of information recording 
layers of the multi-layer type optical information recording 
medium, the aberrat ion correction corresponding to each: layer 
can be independently conducted, and when the recording or 
reproducing of the information is conducted onto the 
different information recording layers, an appropriate and 
quick recording or reproducing of the information can be 
conducted. 
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In a fifth structure of the optical pick-up apparatus 
of the invention, the apparatus has a selection means to 
select the information recording layer to be recorded or 
reproduced from a laminated plurality of information 
recording layers, and the recording or reproducing of the 
information is conducted on the information recording layer 
selected by the selection means. Thus, the recording or 
reproducing of the information can be appropriately conducted 
on each of information recording layers of the multi-layer 
type optical information recording medium. 

In a sixth structure of the optical pick-up apparatus 
of the invention, the light converging optical system has at 
least 2 final optical elements, and each of final optical 
elements is used for the recording or reproducing of the 
information onto the respective different information 
recording layers, and when the selection means selects any 
one of the plurality of final optical elements. Because_the 
-recording or reproducing of the information -is conducted on 
the information recording layer corresponding to the _ selected 
final optical element, the aberration correction 
corresponding to each layer can be independently conducted, 
and the recording or reproducing of the information can be 
appropriately conducted on each of information recording 
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layers of the multi-layer type optical information recording 
medium . 

In a seventh structure of the optical pick-up apparatus 
of the invention, the selection means changes the wavelength 
of the light source corresponding to each of the laminated 
information recording layers for the information to be 
recorded or reproduced. Thus, the light converging optical 
system to irradiate the light onto each of the information 
recording layers or the detection optical system of the light 
reflected from that can be commonly used, and although the 
apparatus is a structure which is simple, and whose space 
saving can be intended, the appropriate and quick recording 
or reproducing of the information can be conducted. 

In an eighth structure of the optical pick-up apparatus 
of the invention, the selection means is provided with at 
least one optical element to change the divergence degree or 
convergence degree of the incident light into the final 
optical -element corresponding to each of laminated 
information recording layers to record or reproduce the 
information on the light source side of the final optical 
element. Thus, when the recording or reproducing of the 
information is conducted on each of information recording 
layers, the degree of freedom in the optical design work such 
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as the aberration correction can be expanded. As an example 
of the optical element to change the divergence degree or 
convergence degree of the incident light into the final 
optical element, it includes a beam expander, coupling lens, 
or refractive index changing liquid crystal plate, but it is 
not limited to these elements. 

In a ninth structure of the optical pick-up apparatus 
of the invention, the optical element to change the 
divergence degree or convergence degree of the incident light 
into the final optical element has a positive lens group 
having the positive refractive power and a negative lens 
group having the negative refractive power, and at least one 
lens group is displaceable movable element, and the 
aberration correction can be arbitrarily conducted when the 
recording or reproducing of the information is conducted onto 
each of information recording layers . 

In a tenth structure of the optical pick-up apparatus 
of the invention, the o pt ica l element to change the 
-divergence degree or convergence degree of the incident light 
into the final optical element is formed of one positive 
lens, and one negative lens, and because at least one of them 
is a displaceable and movable element, the aberration 
correction can be arbitrarily conducted when the recording or 
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reproducing of the information is conducted onto each of 
information recording layers. 

In an eleventh structure of the optical pick-up 
apparatus of the invention, the information recording medium 
includes the first recording layer and second recording layer 
in the order of nearer distance from the final optical 
element, and in a case where the recording or reproducing is 
conducted onto the first recording layer. Because_the 
interval between the negative lens group and the positive 
lens group is increased more than a case where the recording 
or reproducing of the information is conducted onto the 
second recording layer, it can cope with a fact that it is 
necessary that the divergent angle of the incident light into 
the second recording layer is increased more than the 
incident light into the first recording layer. 

In a twelfth structure of the optical pick-up apparatus 
of the invention, the optical element to change the 

ivergence degree or convergence degree of the incident light 
into the final optical element corrects the spherical 
aberration or the axial chromatic aberration which hinders 
the recording or reproducing of the information, in the 
information recording layer to record or reproduce. Because 
the optical element to change the divergence degree or 
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convergence degree of the incident light into the final 
optical element not only change the information recording 
layer to record or reproduce the information, but also 
charges the change of the spherical aberration generated in 
the final optical element on the optical recording surface of 
the objective layer, and correction of the axial chromatic 
aberration, it is not necessary that another optical element 
to correct these aberrations is used, and the compactness of 
the optical system and the cost reduction thereof can be 
intended. 

In a thirteenth structure of the optical pick-up 
apparatus of the invention, the optical element to correct 
the variation of the spherical aberration and the axial 
chromatic aberration satisfies the following expression. 

vdP > vdN (1) 
Where VdP : the average of Abbe's number of d-line of total 
positive lens including the positive lens (group) , 
VdN : the" average - of ~Abbe ' s number of - d^line of tofca 1 
negative lens including the negative lens (group). 

The above expression (1) shows the condition relating 
to the correction of axial chromatic aberration. Due to the 
minute variation of the oscillation wavelength of the light 
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source or the temperature and humidity change, in the case 
where the spherical aberration of the final optical element 
changes, when a means to correct this is composed of, for 
example, the optical element which is displaceable in the 
optical axis direction, such the optical element is moved by 
an adequate amount, and the divergence degree of the luminous 
flux incident to the final optical element can be changed so 
that the spherical aberration of the final optical element 
becomes minimum. However, when the materials of the positive 
lens and negative lens in the means to correct the variation 
of the spherical aberration are selected so as to satisfy the 
expression (1) , the chromatic aberration having the reversal 
polarity to the chromatic aberration generated in the final 
optical element can be generated. Accordingly, the axial 
chromatic aberrations are cancelled with each other, and the 
wave front which transmits the means to correct the variation 
of the spherical aberration and the final optical element,, 
and is focused onto the optical information recording medium, 
is" in "a condi tion that the axial chromat i c abe r rat ion i s ~ 
suppressed small. 

In a fourteenth structure of the optical pick-up 
apparatus of the invention, the vdP and the vdN satisfy the 
following expressions. 
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VdP > 55 (2) 
VdN < 35 (3) 

When the difference between Abbe's numbers of the 
positive lens and the negative lens is increased, because the 
chromatic aberration of the reversal polarity to the final 
optical element can be generated larger, the axial chromatic 
aberration of the optical information recording and 
reproducing optical system can be corrected better. 

In a fifteenth structure of the optical pick-up 
apparatus of the invention, the optical element to vary the 
divergence degree or convergence degree of the incident light 
to the final optical element can change the refractive index 
distribution. Thus, the recording or reproducing of the 
information can be conducted more adequately onto each of 
information recording layers. Herein, as the element which 
can change the refractive index, the refractive index change 
liquid crystal plate is so referred, but it is not limited to 
thisV^"™ - _ — — 

In a sixteenth structure of the optical pick-up 
apparatus of the invention, at least one optical element 
which structures the light converging optical system, has at 
least one aspherical optical surface, by using such the 
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aspherical optical surface. Thus, the spherical aberration 
generated in the optical system can be corrected. 

In a seventeenth structure of the optical pick-up 
apparatus of the invention, at least one optical element 
which structures the light converging optical system, is 
provided with the diffraction surface having the ring band- 
like diffraction structure. Because, by using such the 
diffraction surface, the axial chromatic aberration can be 
effectively corrected, it is not necessary that the optical 
element for the axial chromatic aberration correction is 
newly provided, and the low cost and space saving is 
possible. In this connection, for the optical element having 
the diffraction surface, in the case where the optical system 
is structured by a plurality of lenses, one lens is included, 
and particularly, when the optical system is structured by 
the positive lens or negative lens, it includes one of them. 
Further, it also includes the optical, element which is 

separately: provided other than these lenses . — ■ ■-=.■=-=! 

. In an eighteenth structure of- the optical pick-up 

apparatus of the invention, at least one optical system 
constituting the light converging optical system is formed of 
a material whose specific gravity is not larger than 2.0. 
Thus,_the weight reduction can be intended, and the burden 



20 



5045 



onto the displacing apparatus such as the focusing apparatus 
can be lightened. 

In a nineteenth structure of the optical pick-up 
apparatus of the invention, at least one optical element 
constituting the light converging optical system is formed of 
a plastic material. Thus, the weight reduction can be 
attained, and while lightening the burden onto the displacing 
apparatus such as the focusing apparatus, the processing such 
as the formation of the diffraction structure or aspheric 
surface can be easily conducted. 

In a twentieth structure of the optical pick-up 
apparatus of the invention, at least one optical element 
constituting the light converging optical system is formed of 
a material whose saturation water absorption is not larger 
than 0.5 %. Thus, the deterioration of the performance at 
the time of humidity change can be suppressed. 

In a twenty first structure of the optical pick-up 
"iappafrat^s^^ ~ ~~ 

constituting the 1 ight converging optical system is - formed of • — 

a material whose internal transmissivity is not smaller than 
85 % at the thickness of 3 mm to the light of the oscillation 
wavelength of the light source. Thus, the using efficiency 
of the incident light can be in creased. 
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In a twenty second structure of the optical pick-up 
apparatus of the invention, the light converging optical 
system has at least 2 apertures to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. Thus, it 
can change the aperture sop to regulate the information 
recording light for each of information layers to be recorded 
or reproduced, and the image formation at a predetermined 
image side numerical aperture (NA) can be conducted in each 
of information recording layers. 

In a twenty third structure of the optical pick-up 
apparatus of the invention, at least one of the apertures is 
placed between the final optical element and the information 
recording medium. For example, when the final optical 
element is a catadioptric, the final surface can be divided 
into the mirror surface portion and the transmission portion 
to transmit the converging light. In such the case, when the 

transmission -portion is made a m i nut e open i-ng and 

simultaneously the role of the aperture is made to be - 

performed, the using efficiency of the incident light can be 
increased, and the low cost, size reduction, and weight 
reduction can be intended. 
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In a twenty fourth structure of the optical pick-up 
apparatus of the invention, at least one optica.1 element of 
the optical system is formed by etching. Thus, the minute 
optical element can be accurately molded. 

A twenty fifth structure of the optical pick-up 
apparatus of the invention has the light source , and the 
light converging optical system to light converge the 
luminous flux emitted from the light source onto any one 
information recording layer of the optical information 
recording medium having a laminated plurality of information 
recording layers, and in the optical pick-up apparatus by 
which the recording and/or reproducing of the information is 
conducted onto the optical information recording medium, the 
light converging optical system has the final optical element 
opposite to the optical information recording medium, spacing 
a smaller interval than the wavelength of the light source, 
and when the light converging optical system light converges 

smaller than 1.0, because the recording or reproducing of the 
information is conducted onto the information recording 
layer, the high density optical information recording or 
reproducing can be conducted onto the optical information 
recording medium, in the same manner as in the first 
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structure of the optical pick-up apparatus. Further, because 
the air layer can be provided between the optical information 
recording medium and the final optical element, the optical 
information recording medium can be made, for example, to a 
circular rotating disk such as a CD, and the recording and/or 
reproducing of the information can be conducted at the higher 
speed, and the optical information recording medium can be 
made to a removable one with excellent handling. 

A twenty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has the final optical element 
opposed to the optical information recording medium, and the 
final optical surface of the final optical element is 
approximate to the surface of the optical information 
recording medium spacing the distance not larger than one 
fourth of the wavelength of the light source. The effect of 
such the invention is the same as in the third structure of 

the" opt ical pick-up apparatus . • . -,- . ------ ■ 

A twenty seventh structure of ~the~~opt ical pick-up 
apparatus of the invention is characterized in that the light 
converging optical systems are provided plural numbers, and 
each of the light converging optical systems is used for 
recording or reproducing of the information onto the 



24 



5045 



respectively different information recording layers. The 
effect of such the invention is the same as in the fourth 
structure of the optical pick-up apparatus. 

A twenty eighth structure of the optical pick-up 
apparatus of the invention is characterized in that it has 
the selection means to select the information recording 
layers to be recorded or reproduced, and the information is 
recorded or reproduced onto the information recording layers 
selected by the selection means. The effect of such the 
invention is the same as in the fifth structure of the 
optical pick-up apparatus. 

A twenty ninth structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has at least 2 final optical 
elements, and each final optical element is used for the 
recording or reproducing of the information onto the 
respectively different information recording layers, and when 
the selection means selects any one of the plurality ofc f inal 
optical elements , the recording or reproducing of" the :. 
information is conducted onto the information recording layer 
corresponding to the selected final optical element. The 
effect of such the invention is the same as in the sixth 
structure of the optical pick-up apparatus. 



25 



5045 



A thirtieth structure of the optical pick-up apparatus 
of the invention is characterized in that the selection means 
changes the wavelength of the light source corresponding to 
each of laminated information recording layers for the 
information to be recorded or reproduced . The effect of such 
the invention is the same as in the seventh structure of the 
optical pick-up apparatus. 

A thirty first structure of the optical pick-up 
apparatus of the invention is characterized in that the 
selection means provides at least one optical element by 
which the divergence degree or convergence degree of the 
incident light into the final optical element is varied 
corresponding to each of laminated information recording 
layers for the information to be recorded or reproduced, on 
the light source side of the final optical element. The 
effect of such the invention is the same as in the eighth 
structure of the optical pick-up apparatus. 

A thirty second structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
has the positive lens group having the positive refractive 
power and the negative lens group having the negative 
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refractive power, and at least one lens group of them is a 
displaceable movable element. The effect of such the 
invention is the same as in the ninth structure of the 
optical pick-up apparatus. 

A thirty, third structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
is composed of a positive lens and a negative lens, and at 
least one lens of them is a displaceable movable element. 
The effect of such the invention is the same as in the tenth 
structure of the optical pick-up apparatus. 

A thirty fourth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
information recording medium includes the first recording 
layer and the second recording layer in the order of the 
distance nearer to the final optical element, and when the 
recording or reproducing is conducted onto the fir st-- - — — 
recording layery the distance between the negative lens group 
and the positive lens group or the distance between the 
negative lens and the positive lens is more increased than 
the case where the recording or reproducing of the 
information is conducted onto the second recording layer. 
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The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus. 

A thirty fifth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergent degree or the 
convergent degree of the incident light into the final 
optical element corrects the spherical aberration or axial 
chromatic aberration which hinders the recording or 
reproducing of the information, in the information recording 
layer to be recorded or reproduced. The effect of such the 
invention is the same as in the twelfth structure of the 
optical pick-up apparatus. 

A thirty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to correct the variation of the spherical 
aberration and the axial chromatic aberration satisfy the 
following expression. 

_ _ vdP- :>. v dN - (1) — : — — .... 

Where, vdP 7 the average of Abbe's number of d line of the 
all positive lenses including the positive lens (group) , and 
VdN : the average of Abbe's number of d line of the all 
negative lenses including the negative lens (group) - The 
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effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus . 

A thirty seventh structure of the optical pick-up 
apparatus of the invention is characterized in that the vdP 
and the vdN satisfy the following expression. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in. the 
fourteenth structure of the optical pick-up apparatus. 

A thirty eighth of the optical pick-up apparatus of the 
invention is characterized in that the optical element to 
vary the divergent degree or convergent degree of the 
incident light into the final optical element can change the 
refractive index. The effect of such the invention is the 
same as in the fifteenth structure of the optical pick-up 
apparatus . 

A thirty ninth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system has at least one aspherical optical surface. The 
effect of such the invention is the same as in the sixteenth 
structure of the optical pick-up apparatus. 
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A fortieth structure of the optical pick-up apparatus 
of the invention is characterized in that at least one 
optical element constituting the light converging optical 
system has the diffraction surface having the ring band- like 
diffraction structure. The effect of such the invention is 
the same as in the seventeenth structure of the optical pick- 
up apparatus . 

A forty first structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the material whose specific gravity is 
not larger than 2.0. The effect of such the invention is the 
same as in the eighteenth structure of the optical pick-up 
apparatus . 

A forty second structure of the optical pick-up 
apparatus of the invention is characterized, in that at least 
one optical element constituting the light converging optical 
system- is formed of the plastic materiarl--. — The effect of such 
_ the __invent ion is the same as in the nineteenth -st^ 
the optical pick-up apparatus. 

A forty third structure of the optical pick-up 
apparatus of the invention is characterized, in that at least 
one optical element constituting the light converging optical 
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system is formed of the material whose saturation water 
absorption is not larger than 0.5 %. The effect of such the 
invention is the same as in the twentieth structure of the 
optical pick-up apparatus. 

A forty fourth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the material whose internal 
transimissivity is not smaller than 85 % in the thickness of 
3 mm to the light of the oscillation wavelength of the light 
source. The effect of such the invention is the same as in 
the twenty first structure of the optical pick-up apparatus. 

A forty fifth structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has at least 2 apertures to 
regulate the image side numerical aperture in a plurality of 
information recording layers _of jthe_optical information 
recording— medium > - The- effect of such the invention- is. the — — 
same_. as__in._the^ twenty second - structure of the opt ic.al_pi.ckii-up 
apparatus . 

A forty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one of the apertures is positioned between the final optical 
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element and the optical information recording medium. The 
effect of such the invention is the same as in the twenty 
third structure of the optical pick-up apparatus. 

A forty seventh structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one of optical element of the light converging optical system 
is formed by the etching. The effect of such the invention 
is the same as in the twenty fourth structure of the optical 
pick-up apparatus . 

In a forty eighth structure of the optical pick-up 
apparatus of the invention which has a light source, and a 
light converging optical system to converge the light onto 
any one information recording layer of the optical 
information recording medium having a laminated plurality of 
information recording layers, and in which the recording 
and/or reproducing of the information is conducted onto the 
optical information recording medium, the optical pick-up 
apparatus-is^characterized— i^ — - 
recording__:mediumzh 
is larger than the wavelength of the light source, and the 
light converging optical system has a final optical element 
opposite to the optical information recording medium spacing 
the distance smaller than the wavelength of the light source, 
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and when the light converging optical system converges the 
luminous flux whose image side numerical aperture is larger 
than 1.0 onto the information recording layer through the 
transparent substrate, the recording or reproducing of the 
information is conducted onto the information recording 
layer. 

One problem in the case where the near field effect is 
used, is that it is necessary that the distance between the 
final optical element and the optical information recording 
medium is set smaller than the wavelength of the using 
wavelength. However, in the case of the removable recording 
medium, considering the influence of flaw when the user 
handles it, or dust, it is common that the protective layer 
is provided on the information recording surface. The 
thickness of the protective layer is, in many cases, more 
than the wavelength of the light source used. 

Therefore.,. -in— the., present- invention.,-., using the near 

field effect of wide sense, it is considerad^t^ - — — 

record! ng~ o r r ep r oduc i rig is " conduc ted-.— When— mo r en - 
specifically described, as described above, the evanescent 
light has the characteristic that it exponential functionally 
attenuates as it is separated from the final optical element, 
and when the transparent substrate (TP in Fig. 1) is placed 
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in its light path, the evanescent light incident to that 
place, becomes again the propagation light, and has the 
characteristic that it propagates in the transparent 
substrate as the normal light. It is called the near field 
effect in the wide sense. In the present invention, using 
such the characteristic, when the evanescent light emitted 
from the final optical element is received by the transparent 
substrate and made to a propagation light, the recording or 
reproducing of the information can be conducted also onto the 
information recording layer which is remote from the final 
optical surface of the final optical element more than the 
wavelength of the light source. In this connection, in the 
optical information recording medium, in many cases, the 
transparent protective layer covering the information 
recording surface is provided, and such the protective layer 
can perform the function as the transparent substrate of the 
present invention. Accordingly , - the interval A between the 
filial optical element and the surface of the protective layer 
"of - the opt i^r~ilTf ormation recording medium may— be— sma-Pler— ^ 
than the wavelength of the in formation recording light. 
Herein, when the layer can transmit the light, the 
transparent substrate may not be colored or plate-like one. 
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A forty ninth structure of the optical pick-up 
apparatus of the invention is characterized in that the final 
optical surface of the final optical element is approximate 
to the surface of the optical information recording medium 
spacing with the distance smaller than one fourth of the 
wavelength of the light source. The effect of such the 
invention is the same as in the third structure of the 
optical pick-up apparatus. 

A fiftieth structure of the optical pick-up apparatus 
of the invention is characterized in that a plurality of 
light converging optical systems are provided, and each of 
light converging optical systems is used for the recording or 
reproducing of the information onto the respectively 
different information recording layers. The effect of such 
the invention is the same as in the fourth structure of the 
optical pick-up apparatus. 

A fifty: f irst structure of the optical . pick-up 
- apparatus of the invent ion is characterized in - that - the, - _ . ■_ 
apparatus™~has^ a selection means for— seleuting^e-irfofma^on 
recording layer to be recorded or reproduced from the 
laminated plurality of plurality of information recording 
layers, and the recording or reproducing of the information 
is conducted onto the information recording layer selected by 
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the selection means. The effect of such the invention is the 
same as in the fifth structure of the optical pick-up 
apparatus . 

A fifty second structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has at least 2 final optical 
elements, and each of final optical elements is used for the 
recording or reproducing of the information onto the 
respectively different information recording layers, and when 
the selection means selects any one of final optical 
elements, the recording or reproducing of the information is 
conducted onto the information recording layer corresponding 
to the selected final optical element. The effect of such 
the invention is the same as in the sixth structure of the 
optical pick-up apparatus. 

A fifty third structure of the optical pick-up 

apparatus of the invention is characterized . in that the 

selection means ^changes the wave length „.c^f: the light source 
corresponding to each of laminated information recordirrg" - 
layers for the information to be recorded and reproduced. 
The effect of such the invention is the same as in the 
seventh structure of the optical pick-up apparatus. 
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A fifty fourth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, corresponding to each of laminated 
information recording layers for the information to be 
recorded and reproduced, is provided on the light source side 
of the final optical element. The effect of such the 
invention is the same as in the eighth structure of the 
optical pickup apparatus. 

A fifty fifth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree oir convergence 
degree of the incident light into the final optical element 
has the positive lens group having the positive refractive 
power and the negative lens group having the negative 
refractive - power.,.- and- at -least— one lens group o£ them is a 
displaceable, movable element. The effect of _sucfa tbe 
invent iori is the same as in the ninth structure of the - 
optical pick-up apparatus. 

A fifty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 



37 



5045 



degree of the incident light into the final optical element 
is composed of one positive lens and one negative lens, and 
at least one of them is [[is]] a displaceable movable 
element. The effect of such the invention is the same as in 
the tenth structure of the optical pick-up apparatus. 

A fifty seventh structure of the optical pick-up 
apparatus of the invention is characterized in that the 
information recording medium includes the first recording 
layer and the second recording layer in the order* of the 
distance nearer to the final optical element, and when the 
recording or reproducing of the information is conducted onto 
the first recording layer, the interval between the negative 
lens group and the positive lens group or the distance 
between the positive lens and the negative lens is more 
increased than the case where the recording or reproducing of 
the information is conducted onto the second recording layer. 

The effect of such, the invention is the same as., in the. 

e leventh _st rueture__of ___the opt ical _ pick-up, apparatus , 

~ A"~~f i f ty eighth s t rue ture of the optica 1 pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
corrects the spherical aberration or the axial chromatic 
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aberration which hinders the recording or reproducing of the 
information, in the information recording layer to be 
recorded or reproduced. The effect of such the invention is 
the same as in the twelfth structure of the optical pick-up 
apparatus . 

A fifty ninth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to correct the variation of the spherical 
aberration and the axial chromatic aberration satisfies the 
following expression. 

vdP > VdN (1) 
where, vdP : the average of Abbe's number of d line of all 
positive lens including the positive lens (group) , VdN : the 
average of Abbe's number of d line of all negative lens 
including the negative lens (group) . The effect of such the 
invention is the same as in the thirteenth structure of the 
optical pick-up apparatus . 

— STlsixti Tetfi r~sTErTic£ure ' bT^fie^^^lTxMin^^I^'^P"" apparatus 
of the invention is characterized in that the value VdP and 
the value vdN satisfy the following expressions. 

VdP > 55 (2) 

VdN < 35 (3) 



39 



5045 



The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A sixty first structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
can changes the refractive index distribution. The effect of 
such the invention is the same as in the fifteenth structure 
of the optical pick-up apparatus. 

A sixty second structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system has at least one aspherical optical surface . The 
effect of such the invention is the same as in the sixteenth 
structure of the optical pick-up apparatus. 

A sixty third structure of the optical pick-up 
apparatus of the invent ion _is _ characterized in that at least 
one optical element constituting the light converging optical 
system has a diffraction surface having the ring band- like - 
diffraction structure. The effect of such the invention is 
the same as in the seventeenth structure of the optical pick- 
up apparatus. 
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A sixty fourth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the material whose specific gravity is 
not larger than 2.0. The effect of such the invention is the 
same as in the eighteenth structure of the optical pick-up 
apparatus . 

A sixty fifth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of a plastic material . The effect of such 
the invention is the same as in the nineteenth structure of 
the optical pick-up apparatus. 

A sixty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of a material whose saturation water 
absorptions-^ 

invention is the same as in the twentieth structure of the 
optical pick-up apparatus. 

A sixty seventh structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
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system is formed of a material whose internal transmissivity 
at the thickness of 3 mm to the light of oscillation 
wavelength of the light source is not smaller than 85 %. The 
effect of such the invention is the same as in the twenty 
first structure of the optical pick-up apparatus. 

A sixty eighth structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has at least 2 diaphragms to 
regulate the image side numerical aperture in a plurality of 
information recording layers of the optical information 
recording medium. The effect of such the invention is the 
same as in the twenty second structure of the optical pick-up 
apparatus . 

A sixty ninth structure of the optica.1 pick-up 
apparatus of the invention is characterized in that at least 
one of the diaphragms is positioned between the final optical 
element and the optical information recording medium. The 
effect of such the inventjjQfiL. is the aaaae as- in the- twenty 
third structure of the optical pick-up- apparatus . 

A seventieth structure of the optical pick-up apparatus 
of the invention is characterized in that at least one 
optical element of the light converging optical system is 
formed by etching. The effect of such the invention is the 
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same as in the twenty fourth structure of the optical pick-up 
apparatus . 

In a seventy first structure of the optical pick-up 
apparatus of the invention which has the light source and the 
light converging optical system to light converge the 
luminous flux emitted from the light source onto any one of 
information recording layers of the optical information 
recording medium having a laminated plurality of information 
recording layers, and by which the recording and/or 
reproducing of the information is conducted onto the optical 
information recording medium, because the optical element 
changes the information recording layer for the information 
to be recorded or reproduced is provided between the light 
source and the final optical element of the light converging 
optical system, the information recording light can be 
adequately irradiated onto each of information recording 
layers of the multi-layer type optical information recording 
diugH^ 

A seventy second structure of the opt ical pick-up 
apparatus of the invention is characterized in that the 
optical element to change the information recording layers 
onto which the information is to be recorded or reproduced 
changes the divergence degree or convergence degree of the 
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incident light into the final optical element. The effect of 
such the invention is the same as in the eighth structure of 
the optical pick-up apparatus. 

A seventy third structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element by which the divergence degree or convergence 
degree of the incident light into the final optical element 
is changed, has the positive lens group having the positive 
refractive power and the negative lens group having the 
negative refractive power, and at least one lens group of 
them is a displaceable movable element. The effect of such 
the invention is the same as in the ninth structure of the 
optical pick-up apparatus. 

A seventy fourth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergent degree or convergence 
degree of the incident light into the final optical element 

is- composed -of one ~pos-it4ve -lens - and^one negative— Lens , —and — 

at- least one of them is a displaceable movable element . The r — : 

effect of such the invention is the same as in the tenth 
structure of the optical pick-up apparatus. 

A seventy fifth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
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information recording medium includes the first recording 
layer and the second recording layer in the order of the 
distance nearer from the final optical element, and when the 
recording or reproducing is conducted onto the first 
recording layer, the interval between the negative lens group 
and the positive lens group or the interval between the 
negative lens and the positive lens is more increased than 
the case where the recording or reproducing of the 
information is conducted onto the second recording layer. 
The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus . 

A seventy sixth structure of the optical pick-up 
apparatus of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
corrects the spherical aberration or axial chromatic 
aberration which hinders the recording or reproducing of the 

formation in the information rec ording layer onto-which-t 
recording or reproducing is to be conducted. The effect of- 
such the invention is the same as in the twelfth structure of 
the optical pick-up apparatus. 

A seventy seventh structure of the optical pick-up 
apparatus of the invention is characterized in that the 
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optical element which corrects the spherical aberration and 
axial chromatic aberration satisfies the following 
expression, 

vdP > vdN (1) 
Where, VdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
VdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group) . The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus. 

A seventy eighth structure of the optical pick-up 
apparatus of the invention is characterized in that the VdP 
and the vdN satisfy the following expressions. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the opt ical pick-up -apparatus 

A seventy ninth structure of the. optical- pick-up 

apparatus of the invention is characterized in that the 
optical element to vary the divergence degree and the 
convergence degree of the incident light into the final 
optical element can change the refractive index distribution. 
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The effect of such the invention is the same as in the 
fifteenth structure of the optical pick-up apparatus. 

An eightieth structure of the optical pick-up apparatus 
of the invention is characterized in that at least one 
optical element constituting the light converging optical 
system has at least one aspherieal optical surface. The 
effect of such the invention is the same as in the sixteenth 
structure of the optical pick-up apparatus. 

An eighty first structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system has the diffraction surface having the ring band- like 
diffraction structure. The effect of such the invention is 
the same as in the seventeenth structure of the optical pick- 
up apparatus. 

An eighty second structure of the optical pick-up 
apparatus of the invention is characterized in that at least 

oxie optical element constituting ^^^^^^ ^f^^^^^^^^E^^^^e=e 
system is formed of the material whose specific gravity is 
not larger than 2.0. The effect of such the invention is the 
same as in the eighteenth structure of the optical pick-up 
apparatus . 
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An eighty third structure of the optical, pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the plastic material. The effect of such 
the invention is the same as in the nineteenth structure of 
the optical pick-up apparatus . 

An eighty fourth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the material whose saturation water 
absorption is not larger than 0.5 %. The effect of such the 
invention is the same as in the twentieth structure of the 
optical pick-up apparatus. 

An eighty fifth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element constituting the light converging optical 
system is formed of the material whose internal 
^tr^airemis^ivity^at^ the^Xiim — 
os~c±Trat~xon wavelength of the light source is not— smaller 
than 85 %. The effect of such the invention is the same as 
in the twenty first structure of the optical pick-up 
apparatus . 
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An eighty sixth structure of the optical pick-up 
apparatus of the invention is characterized in that the light 
converging optical system has at least 2 diaphragms to 
regulate the image side numerical aperture in a plurality of 
information recording layers of the optical information 
recording medium. The effect of such the invention is the 
same as in the twenty second structure of the optical pick-up 
apparatus . 

An eighty seventh structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one diaphragm of the diaphragms is positioned between the 
final optical element and the optical information recording 
medium. The effect of such the invention is the same as in 
the twenty third structure of the optical pick-up apparatus. 

An eighty eighth structure of the optical pick-up 
apparatus of the invention is characterized in that at least 
one optical element of the light converging optical system is 
-- formed by etching. The effect of- such the invention is the 
— same as in" the" twenty fourth structure of the optri"cal~pick-up 
apparatus . 

In an eighty ninth structure of the light converging 
optical system of the optical pick-up apparatus of the 
invention which has the light source and the light converging 
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optical system to light converge the luminous flux emitted 
from the light source onto any one of information recording 
layers of the optical information recording medium having a 
laminated plurality of information recording layers, and by 
which the recording and/or reproducing of the information is 
conducted onto the optical information recording medium, the 
light converging optical system is characterized in that, 
when the light converging optical system light converges the 
luminous flux whose image side numerical aperture is not 
smaller than 1.0, onto the information recording layer, the 
recording or reproducing of the information is conducted onto 
the information recording layer. The effect of such the 
invention is the same as in the first structure of the 
optical pick-up apparatus. 

A ninetieth structure of the light converging optical 
system of the invention is characterized in that it has the 
f inal optical element opposite to the optical information 
-recording medi^ tmrf i^ al — 



optical "element is in contact with the surf ace- of the optical 
information recording medium. The effect of such the 
invention is the same as in the second structure of the 
optical pick-up apparatus. 
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A ninety first structure of the light converging 
optical system of the invention is characterized in that it 
has the final optical element opposite to the optical 
information recording medium, and the final optical surface 
of the final optical element is approximate to the surface of 
the optical information recording medium spacing the interval 
not larger than one fourth of the wavelength of the light 
source. The effect of such the invention is the same as in 
the third structure of the optical pick-up apparatus. 

A ninety second structure of the light converging 
optical system of the invention is characterized in that a 
plurality of light converging optical systems are provided, 
and each of light converging systems is used for the 
recording or reproducing of the information onto the 
respectively different information recording layers. The 
effect of such the invention is the same as in the fourth 
structure of the optical pick-up apparatus. _ 

A ninety third structu r e of the light converging 

optical system of the invent ion is character i zed in that it — 
has a selection means for selecting the information recording 
layer onto which the recording or reproducing is to be 
conducted, from a laminated plurality of information 
recording layers, and the recording or reproducing of the 
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information is conducted onto the information recording layer 
selected by the selection means. The effect of such the 
invention is the same as in the fifth structure of the 
optical pick-up apparatus. 

A ninety fourth structure of the light converging 
optical system of the invention is characterized in that the 
light converging optical system has at least 2 final optical 
elements, and each of the final optical elements is used for 
the recording or reproducing of the information onto the 
respectively different information recording layers, and when 
the selection means selects any one of the plurality of final 
optical elements, the recording or reproducing of the 
information is conducted onto the information recording layer 
corresponding to the selected final optical element . The 
effect of such the invention is the same as in the sixth 
structure of the optical pick-up apparatus. 

A ninety fifth structure of the light converging 

optical system of the invention is characterized in that the 
selection- means - changes the wavelength of the light source 
corresponding to each of laminated information recording 
layers onto which the recording or reproducing of the 
information is to be conducted. The effect of such the 
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invention is the same as in the seventh structure of the 
optical pick-up apparatus. 

A ninety sixth structure of the light converging 
optical system of the invention is characterized in that the 
selection means provides at least one optical element to vary 
the divergence degree or convergence degree of the incident 
light into the final optical element on the light source side 
of the final optical element, corresponding to each of 
laminated information recording layers onto which the 
recording or reproducing of the information is to be 
conducted. The effect of such the invention is the same as 
in the eighth structure of the optical pick-up apparatus. 

A ninety seventh structure of the light converging 
optical system of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element, 

has the positive- lens group having the positive refractive 

power and ^he-rieg^ 

"^fr^trivenpower, and at least one lensrgxc^gr~ipf ^thtem~rs-a== 
displaceable movable element. The effect of such the 
invention is the same as in the ninth structure of the 
optical pick-up apparatus. 
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A ninety eighth structure of the light converging 
optical system of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element, 
is composed of one positive lens and one negative lens, and 
at least one of them is a displaceable movable element. The 
effect of such the invention is the same as in the tenth 
structure of the optical pick-up apparatus. 

A ninety ninth structure of the light converging 
optical system of the invention is characterized in that the 
information recording medium includes the first recording 
layer and the second recording layer in the order of the 
distance nearer from the final optical element, and when the 
recording or reproducing is conducted onto the first 
recording layer, the interval between the negative lens group 
and the positive lens group or the interval between the 
: , _.- : negative lens and. _t he positive lens is more increased than 

the case where the recordin g or reproducing sfli fciie _ _ 

— inf ormation- is-conducted onto the second recording layer; 

The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus - 

A one hundredth structure of the light converging 
optical system of the invention is characterized in that the 
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optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element, 
corrects the spherical aberration or axial chromatic 
aberration which hinders the recording or reproducing of the 
information, in the information recording layer onto which 
the recording or reproducing is to be conducted. The effect 
of such the invention is the same as in the twelfth structure 
of the optical pick-up apparatus. 

A one hundred first structure of the light converging 
optical system of the invention is characterized in that the 
optical element to correct the variation of the spherical 
aberration and the axial chromatic aberration satisfies the 
following expression. 

vdP > vdN (1) 
Where, vdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
VdN: the average of Abbe's number of the d line of all 
~ne^t~^ The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus. 
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A one hundred second structure of the light converging 
optical system of the invention is characterized in that the 
VdP and the vdN satisfy the following expressions. 
vdP > 55 (2) 
VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A one hundred third structure of the light converging 
optical system of the invention is characterized in that the 
optical element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
can change the refractive index distribution. The effect of 
such the invention is the same as in the fifteenth structure 
of the optical pick-up apparatus. 

A one hundred fourth structure of the light converging 
optical system of the invention is characterized in that at 
least one optical "element constituting the light converging 
optil^a^ 

The effect of such the invention is the same as in the 
sixteenth structure of the optical pick-up apparatus. 

A one hundred fifth structure of the light converging 
optical system of the invention is characterized in that at 
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least one optical element constituting the light converging 
optical system has a diffraction surf ace having a ring band- 
like diffraction structure. The effect of such the invention 
is the same as in the seventeenth structure of the optical 
pick-up apparatus. 

A one hundred sixth structure of the light converging 
optical system of the invention is characterized in that at 
least one optical element constituting the light converging 
optical system is formed of the material whose specific 
gravity is not larger than 2.0. The effect of such the 
invention is the same as in the eighteenth structure of the 
optical pick-up apparatus. 

A one hundred seventh structure of the light converging 
optical system of the invention is characterized in that at 
least one optical element constituting the light converging 
optical system is formed of the plastic material. The effect 
of such the invention is the same as in the nineteenth, 
structure^of — the optical pick-up. apparatus 

A" oi^~huridr e d~ei gh t h" ~s t"r u c tiire of the 1 ight" converging 
optical system of the invention is characterized in that at 
least one optical element constituting the light converging 
optical system is formed of the material whose saturation 
water absorption is not larger than 0.5 %. The effect of 
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such the invention is the same as in the twentieth structure 
of the optical pick-up apparatus. 

A one hundred ninth structure of the light converging 
optical system of the invention is characterized in that at 
least one optical element constituting the light converging 
optical system is formed of the material whose internal 
transmissivity at the 3 mm thickness to the light of the 
oscillation wavelength of the light source is not smaller 
than 85 %. The effect of such the invention is the same as 
in the twenty first structure of the optical pick-up 
apparatus . 

A one hundred tenth structure of the light converging 
optical system of the invention is characterized in that the 
light converging optical system has at least 2 diaphragms to 
regulate the image side numerical aperture in a plurality of 
information recording layers of the optical information 
recording medium* The effect of such the invention is the 
same as in the twenty second structure qJL jthe optic al pick-up 
—^rapp a r a t ust __- — - — --— 

A one hundred eleventh structure of the light 
converging optical system of the invention is characterized 
in that at least one of diaphragms is positioned between the 
final optical element and the optical information recording 
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medium. The effect of such the invention is the same as in 
the twenty third structure of the optical pick-up apparatus. 

A one hundred twelfth structure of the light converging 
optical system of the invention is characterized in that at 
least one optical element of the light converging optical 
system is formed by etching. The effect of such the 
invention is the same as in the twenty fourth structure of 
the optical pick-up apparatus. 

In a one hundred thirteenth structure of the light 
converging optical system of the optical pick-up apparatus of 
invention which has the light source and the light converging 
optical system to light converge the luminous flux emitted 
from the light source onto any one of information recording 
layers of the optical information recording medium having a 
laminated plurality of information recording layers, and by 
which the recording and/or reproducing of the information is 
-conducted onto— the optical information recording medium, the 

flight converging opt ical s^tem it „ 

has the" final optical element opposite to the optical 
information recording medium spacing the distance not larger 
than the wavelength of the light source, and when the light 
converging optical system light converges the luminous flux 
whose image side numerical aperture is not smaller than 1.0, 
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onto the information recording layer, the recording or 
reproducing of the information is conducted onto the 
information recording layer. The effect of such the 
invention is the same as in the twenty fifth structure of the 
optical pick-up apparatus. 

A one hundred fourteenth structure of the light 
converging optical system of the invention is characterized 
in that it has the final optical element opposite to the 
optical information recording medium, and the final optical 
surface of the final optical element is approximate to the 
surface of the optical information recording medium spacing 
the distance not larger than one fourth of the wavelength of 
the light source. The effect of such the invention is the 
same as in the third structure of the optical pick-up 
apparatus . 

A one hundred fifteenth structure of the light 
converging— optical system of the invention is characterized 

:Ln-th at a pluralit y gi^M ^^ ^mmS ^ ^a^&S t are 

provided, and each of 1 ight converging elements as used for- 
the recording or reproducing of the- information onto the 
respectively different information recording layers. The 
effect of such the invention is the same as in the fourth 
structure of the optical pick-up apparatus. 
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A one hundred sixteenth structure of the light 
converging optical system of the invention is characterized 
in that it has a selection means for selecting the 
information recording layer onto which the recording or 
reproducing is to be conducted, from the laminated plurality 
of information recording layers, and the recording or 
reproducing of the information is conducted onto the 
information recording layer selected by the selection means. 
The effect of such the invention is the same as in the fifth 
structure of the optical pick-up apparatus. 

A one hundred seventeenth structure of the light 
converging optical system of the invention is characterized 
in that it has at least 2 final optical element and each of 
the final optical elements is used for the recording or 
reproducing of the information onto the respectively 
different information recording layers, and when the 
selection means selects any one of the plurality of final 
opti cal eleme nts , the recording or reproducing of the 
information is conducted onto the information recording layer 
corresponding to the selected final optical element. The 
effect of such the invention is the same as in the sixth 
structure of the optical pick-up apparatus. 
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A one hundred eighteenth structure of the light 
converging optical system of the invention is characterized 
in that the selection means changes the wavelength of the 
light source corresponding to each of information recording 
layers onto which the recording and reproducing of the 
information is to be conducted. The effect of such the 
invention is the same as in the seventh structure of the 
optical pick-up apparatus. 

A one hundred nineteenth structure of the light 
converging optical system of the invention is characterized 
in that the selection means is provided with, corresponding 
to each of laminated information recording layers onto which 
the recording or reproducing of the information to be 
conducted, at least one optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element on the light source side of 
the final optical element. The effect of such the invention 

apparatus . ,.. ' 

A one hundred twentieth-structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
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optical element, has the positive lens group having the 
positive refractive power and the negative lens group having 
the negative refractive power, and at least one lens group of 
them is a displaceable movable element. The effect of such 
the invention is the same as in the ninth structure of the 
optical pick-up apparatus. 

A one hundred twenty first structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, is composed of one positive lens and one 
negative lens, and at least one of them is a displaceable 
movable element. The effect of such the invention is the 
same as in the tenth structure of the optical pick-up 
apparatus . 

A one hundred twenty second structure of the light 
converging opt ical^system of—the- i ryvent ion as characterized 
in that the information r ecordi ncpy cii u ro includes the first _._ 
recording layer and the second recording layer in the order 
of the distance nearer from the .final optical element, and 
when the recording or reproducing le conducted onto the first 
recording layer, the interval between the negative lens group 
and the positive lens group or the interval between the 
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negative lens and the positive lens is more increased than 
the case where the recording or reproducing of the 
information is conducted onto the second recording layer. 
The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus. 

A one hundred twenty third structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or axial 
chromatic aberration which hinders the recording or 
reproducing of the information, in the information recording 
layer onto which the recording or reproducing is to be 
conducted. The effect of such the invention is the same as 
in the twelfth structure of the optical pick-up apparatus. 

A one hundred twenty fourth structure of the light 
converging optical system of the invention is characterized 

spherical aberration and the axial chromatic aberration 
satisfies the following expression. 
vdP > VdN (1) 
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Where, vdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
VdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group) . The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus. 

A one hundred twenty fifth structure of the light 
converging optical system of the invention_is characterized 
in that the vdP and the VdN satisfy the following 
expressions . 

vdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A one hundred twenty sixth structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element can change the refractive index distribution. 
The effect of such the invention is the same as in fifteenth 
structure of the optical pick-up apparatus. 
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A one hundred twenty seventh structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as in 
the sixteenth structure of the optical pick-up apparatus. 

A one hundred twenty eighth structure of the light 
converging optical system of the invention, is characterized 
in that at least one optical element constituting the light 
converging optical system has a diffraction surface having a 
ring band- like diffraction structure. The effect of such the 
invention is the same as in the seventeenth structure of the 
optical pick-up apparatus. 

A one hundred twenty ninth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose . 

specific gravity is riot larger jjj^nn iiianiifli'ni The effect of such 

.the invention is the same as in the eighteenth structure of 
the optical pick-up apparatus. — 

A one hundred thirtieth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
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converging optical system is formed of the plastic material. 
The effect of such the invention is the same as in the 
nineteenth structure of the optical pick-up apparatus. 

A one hundred thirty first structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose 
saturation water absorption is not larger than (K5 %. The 
effect of such the invention is the same as in the twentieth 
structure of the optical pick-up apparatus . 

A one hundred thirty second structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose 
internal transmissivity at the 3 mm thickness to the light of 
the oscillation wavelength of the light source is not smaller 

than 85 __%_.„ The ef f ect of such the invention is the same as 7 

in the twenty f irst stru cture of t faftr^ept ical: p±Gk>up 

_ _________ apparatus . ____:_____.____ ^ • ,__ _____ • 

A one hundred thirty third structure of the light 
converging optical system of the invention is characterized 
in that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aperture in a 
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plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as in the twenty second structure of 
the optical pick-up apparatus. 

A one hundred thirty fourth structure of the light 
converging optical system of the invention is characterized 
in that at least one of diaphragms is positioned between the 
final optical element and the optical information recording 
medium. The effect of such the invention is the same as in 
the twenty third structure of the optical pick-up apparatus. 

A one hundred thirty fifth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element of the light converging 
optical system is formed by etching. The effect of such the 
invention is the same as in the twenty fourth structure of 
the optical pick-up apparatus. 

. In a_ one_hundred thirty sixth structure of the light 

converging optical system of the optiM»~l pick- up apparatus 
which has the light source and the ti^t corwerging^ Q£t_ical___ 
system to light converge the luminous -flux emitted from the 
light source onto any one of information recording layers of 
the optical information recording medium having a laminated 
plurality of information recording layers, and by which the 
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recording and/or reproducing of the information is conducted 
onto the optical information recording medium/ the light 
converging optical system is characterized in that the 
optical information recording medium has a transparent 
substrate whose thickness is not smaller than the wavelength 
of the light source on the information recording layer 
nearest to the light converging optical system side, and the 
light converging optical system has the final optical element 
opposite to the optical information recording medium spacing 
the distance not larger than the wavelength of the light 
source, and when the light converging optical system light 
converges the luminous flux whose image side numerical 
aperture is not smaller than 1.0, onto the information 
recording layer through the transparent substrate, the 
recording or reproducing of the information is conducted onto 
the information recording layer. The effect of such the 
_ invention is _t he same as in the forty eighth structure of the 

optical pick-up apparatus . _ : - ■ ni| W n . ... .. ..: . 

A one hundred thirty seventh structure of the light 
converging optical system of the invention-is characterized 
in that the final optical surface of final optical element is 
approximate to the surface of the optical information 
recording medium spacing the interval not larger* than one 
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fourth of the wavelength of the light source. The effect of 
such the invention is the same as in the third structure of 
the optical pick-up apparatus. 

A one hundred thirty eighth structure of the light 
converging optical system of the invention is characterized 
in that a plurality of light converging optical systems are 
provided, and each of light converging optical systems is 
used for the recording or reproducing of the information onto 
the respectively different information recording layers. The 
effect of such the invention is the same as in the fourth 
structure of the optical pick-up apparatus. 

A one hundred thirty ninth structure of the light 
converging optical system of the invention is characterized 
in that it has a selection means for selecting the 
information recording layer onto which the recording or 
reproducing is to be conducted, from the laminated plurality 
of_ information recording layers, and the recording or 

reproducing ^>£—t he informat ion i s conducted cmto the 

information recording layer selected by the selection means. 
The effect of such the invention is the same as in the fifth 
structure of the optical pick-up apparatus . 

A one hundred fortieth structure of the light 
converging optical system of the invention is characterized 
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in that a plurality of light converging optical systems are 
provided, and each of light converging optical systems is 
used for the recording or reproducing of the information onto 
the respectively different information recording layers, and 
when the selection means selects any one of the plurality of 
final optical elements, the recording or reproducing of the 
information is conducted onto the information recording layer 
corresponding to the selected final optical element. The 
effect of such the invention is the same as in the sixth 
structure of the optical pick-up apparatus. 

A one hundred forty first structure of the light 
converging optical system of the invention is characterized 
in that the selection means changes the wavelength of the 
light source corresponding to each of laminated information 
recording layers onto which the recording or reproducing of 
the information is to be conducted. The effect of such the 
invention is the same as in the seventh structure of the __ 

optical pick-up apparatus ^IZjiilE i — -=^=^= 

A one hundred forty second structure of the light 
converging optical system of the invention is characterized 
in that the selection means provides at least one optical 
element to vary the divergence degree or convergence degree 
of the incident light into the final optical element on the 
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light source side of the final optical element, corresponding 
to each of laminated information recording layers onto which 
the recording or reproducing of the information is to be 
conducted. The effect of such the invention is the same as 
in the eighth structure of the optical pick-up apparatus. 

A one hundred forty third structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group having 
the negative refractive power, and at least one lens group of 
them is a displaceable movable element. The effect of such 
the invention is the same as in the ninth structure of the 
optical pick-up apparatus. 

A one hundred forty fourth structure of the light 
converging optical system of the invention is characterized. .... 
±n that the optical element to vary the divergence degree ox 
-convergence degree of the incident light into the final 
optical element, is composed of one positive lens and one 
negative lens, and at least one of them is a displaceable 
movable element. The effect of such the invention is the 
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same as in the tenth structure of the optical pick-up 
apparatus . 

A one hundred forty fifth structure of the light 
converging optical system of the invention is characterized 
in that the information recording medium includes the first 
recording layer and the second recording layer in the order 
of the distance nearer from the final optical element, and 
when the recording or reproducing is conducted onto the first 
recording layer, the interval between the negative lens group 
and the positive lens group or the interval between the 
negative lens and the positive lens is more increased than 
the case where the recording or reproducing of the 
information is conducted onto the second recording layer. 
The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus. 

A one hundred forty sixth structure of the light 
converging optical system of the invention is characterized 

that the optical eleme^^j^ 
convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or axial 
chromatic aberration which hinders the recording or 
reproducing of the information, in the information recording 
layer onto which the recording or reproducing is to be 
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conducted. The effect of such the invention is the same as 
in the twelfth structure of the optical pick-up apparatus. 

A one hundred forty seventh structure of the light 
converging optical system of the invention_is characterized 
in that the optical element to correct the variation of the 
spherical aberration and the axial chromatic aberration 
satisfies the following expression. 

vdP > vdN (1) 
Where, VdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group) . The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus . 

A one hundred forty eighth structure of the light 
converging optical system of the invention_is characterized 
in that the vdP and the vdN satisfy the following 
expressions . 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 
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A one hundred forty ninth structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element can change the refractive index distribution. 
The effect of such the invention is the same as in the 
fifteenth structure of the optical pick-up apparatus. 

A one hundred fiftieth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as in 
the sixteenth structure of the optical pick-up apparatus. 

A one hundred fifty first structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system has a di f f rac t i on __ surf a;ce . haying a 

X -i r>g H*r»H - 1 i ^^Hiff^^;-|ytf — ]fft - MMlllill iffF ~ ^ € g-^gjjj 

invention is the same as in the seventeenth structure of the 
optical pick-up apparatus. — 

A one hundred fifty second structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
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converging optical system is formed of the material whose 
specific gravity is not larger than 2.0. The effect of such 
the invention is the same as in the eighteenth structure of 
the optical pick-up apparatus. 

A one hundred fifty third structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the plastic material. 
The effect of such the invention is the same as in the 
nineteenth structure of the optical pick-up apparatus. 

A one hundred fifty fourth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose 
saturation water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as in the twentieth 

-structure of the optical pick-up .apparatus.. _ . r : . : . ...... 

_ - & ^ . 
converging optical system of the invention A light converging 
optical oyotcm of an optical pick up apparatus described in 
(155) is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose internal transmissivity at the 3 mm 
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thickness to the light of the oscillation wavelength of the 
light source is not smaller than 85 %. The effect of such 
the invention is the same as in the twenty first structure of 
the optical pick-up apparatus. 

A one hundred fifty sixth structure of the light 
converging optical system of the invention is characterized 
in that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aperture in a 
plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as in the twenty second structure of 
the optical pick-up apparatus. 

A one hundred fifty seventh structure of the light 
converging optical system of the invention is characterized 
in that at least one of diaphragms is positioned between the 
final optical element and the optical information recording 

—medium. The ef fect, of such the invention is the . same as in 
th 1 rity third &tjMfej^^ TOgratgs 

A one hundred fifty eighth — structure of the light 

converging optical system of the invention is characterized 
in that at least one optical element of the light converging 
optical system is formed by etching. The effect of such the 
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invention is the same as in the twenty fourth structure of 
the optical pick-up apparatus . 

In a one hundred fifty ninth structure of the light 
converging optical system of the optical pick-up apparatus of 
the invention which has the light source and the light 
converging optical system to light converge the luminous flux 
emitted from the light source onto any one of information 
recording layers of the optical information recording medium 
having a laminated plurality of information recording layers, 
and by which the recording and/or reproducing of the 
information is conducted onto the optical information 
recording medium, the light converging optical system is 
characterized in that, it is provided with the optical 
element to change the information recording layer onto which 
the recording or reproducing of the information is to be 
conducted, between the light source and the final optical 
element of the light converging optical -system.. - The ef f ect . 

L of., such the inveotiQii. is .the same as in the seventy first 

structure of. -the optical pick-up. apparatus^ „ 

A one hundred sixtieth structure of the light 
converging optical system of the invention is characterized 
in that the optical element to change the information 
recording layers onto which the information is to be recorded 
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or reproduced varies the divergence degree or convergence 
degree of the incident light into the final optical element. 
The effect of such the invention is the same as in the eighth 
structure of the optical pick-up apparatus. 

A one hundred sixty first structure of the light 
converging optical system of the invention is characterized 
in that the optical element by which the divergence degree or 
convergence degree of the incident light into the final 
optical element is changed, has the positive lens group 
having the positive refractive power and the negative lens 
group having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. The 
effect of such the invention is the same as in the ninth 
structure of the optical pick-up apparatus. 

A one hundred sixty second structure of the light 
converging optical system of the invention is characterized 
in that- the optical element ta vary the divergent degree or 
„€QBYergence degree of the i^idteat. light into the f inal 
optical element is composed of one positive lens and one 
negative lens, and at least one of them is a displaceable 
movable element. The effect of such the invention is the 
same as in the tenth structure of the optical pick-up 
apparatus . 
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A one hundred sixty third structure of the light 
converging optical system of the invention is characterized 
in that the information recording medium includes the first 
recording layer and the second recording layer in the order 
of the distance nearer from the final optical element, and 
when the recording or reproducing is conducted onto the first 
recording layer, the interval between the negative lens group 
and the positive lens group or the interval between the 
negative lens and the positive lens is more increased than 
the case where the recording or reproducing of the 
information is conducted onto the second recording layer. 
The effect of such the invention is the same as in the 
eleventh structure of the optical pick-up apparatus. 

A one hundred sixty fourth structure of the light 
converging optical system of the invention is characterized 
in that the optical element to vary the divergence degree or 

- convergence degree of the incident 1 ight into_„t he f inal 

optical element corrects the spheg^e^^abtr^^^^- or axial 

chromatic aberration which hinders the recording or 

reproducing of the information in the information recording 
layer onto which the recording or reproducing is to be 
conducted. The effect of such the invention is the same as 
in the twelfth structure of the optical pick-up apparatus. 
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A one hundred sixty fifth structure of the light 
converging optical system of the invention_is characterized 
in that the optical element which corrects the spherical 
aberration and axial chromatic aberration satisfies the 
following expression. 

vdP > vdN (1) 
Where, vdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group) . The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus. 

A one hundred sixty sixth structure of the light 
converging optical system of the invent ion__is characterized 
in that the VdP and the vdN satisfy the following 
expressions. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteen structure of the optical pick-up apparatus. 

A one hundred sixty seventh structure of the light 
converging optical system of the invention is characterized 
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in that the optical element to vary the divergence degree and 
the convergence degree of the incident light into the final 
optical element can change the refractive index distribution. 
The effect of such the invention is the same as in the 
fifteenth structure of the optical pick-up apparatus. 

A one hundred sixty eighth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as in 
the sixteenth structure of the optical pick-up apparatus. 

A one hundred sixty ninth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system has the diffraction surface having 
the ring band-like diffraction structure. The effect of such 
the invention is the same as in the seventeenth structure of 
the optical pick-up, ^pp^r^tus . _ — ._ 

A one hundred sevent i eth structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose 
specific gravity is not larger than 2.0. The effect of such 
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the invention is the same as in the eighteenth structure of 
the optical pick-up apparatus, 

A one hundred seventy first structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the plastic material. 
The effect of such the invention is the same as in the 
nineteenth structure of the optical pick-up apparatus . 

A one hundred seventy second structure of the light 
converging optical system of the invention is characterized 
in that at least one optical element constituting the light 
converging optical system is formed of the material whose 
saturation water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as in the twentieth 
structure of the optical pick-up apparatus. 

A one hundred seventy third structure of the light 
converging optical system of the invention is characterized 
in that at least one o ptica l elpmf*nfr -rnnqf i nuting the light 
converging optical system is formed of the material whose 
internal transmissivity at the 3 mm thickness to the light of 
oscillation wavelength of the light source is not smaller 
than 85 %. The effect of such the invention is the same as 
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in the twenty first structure of the optical pick-up 
apparatus . 

A one hundred seventy fourth structure of the light 
converging optical system of the invention is characterized 
in that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aperture in a 
plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as in the twenty second structure of 
the optical pick-up apparatus. 

A one hundred seventy fifth structure of the light 
converging optical system of the invention is characterized 
in that at least one diaphragm of the diaphragms is 
positioned between the final optical element and the optical 
information recording medium. The effect of such the 
invention is the same as in the twenty third structure of the 
Jdptical-pic _. .. ■ 

A one hundred seventy sixth structure of^ffefae light 

converging"^ invent^on~ig~cfaaracterized 
in that at least one optical element of -the ^-ight converging 
optical system is formed by etching. The effect of such the 
invention is the same as in the twenty fourth structure of 
the optical pick-up apparatus. 
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A one hundred seventy seventh structure of the optical 
information recording and reproducing method of the invention 
is characterized in that, by using an optical pick-up 
apparatus which has the light source and the light converging 
optical system to light converge the luminous flux emitted 
from the light source onto any one of information recording 
layers of the optical information recording medium having a 
laminated plurality of information recording layers, the 
recording or reproducing of the information is conducted onto 
the information recording layer by the luminous flux whose 
image side numerical aperture is not smaller than 1.0, from 
the light converging optical system. The effect of such the 
invention is the same as in the first structure of the 
optical pick-up apparatus. 

A one hundred seventy eighth structure of the optical 
information recording and reproducing method of the invention 
~i r sEEChfcT ^^^ system „ 

has the final optical element opposite to the optical 
information^re^ the f inal -optical surface ~_ 

of the final optical element is in contact with the surface 
of the optical information recording medium. The effect of 
such the invention is the same as in the second structure of 
the optical pick-up apparatus. 
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A one hundred seventy ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
has the final optical element opposite to the optical 
information recording medium, and the final optical surface 
of the final optical element is approximate to the surface of 
the optical information recording medium spacing the interval 
not larger than one fourth of the wavelength of the light 
source. The effect of such the invention is the same as in 
the third structure of the optical pick-up apparatus . 

A one hundred eightieth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that a plurality of light converging 
optical systems are provided, and each of light converging 
optical systems is used for the recording or reproducing of 
the information onto the respectively different information 
— — recordingilayjer s_>_^_:The^-ef f ec.t-^Q.f_-S.uch„.the_i nven t ^ ioilEEisBt ^b^ee^eee^eeeeeeEtEE: 
....... same as in the fourth struc ture of t he op tical pick-up 

_ A_ one ^undred^eighty -fir^st -structri^e -of ^the^ opt ical ^ ^ - • 

information recording and reproducing method of the invention 
is characterized in that the optical pick-up apparatus has a 
selection means for selecting the information recording layer 
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onto which the recording or reproducing is to be conducted, 
from a laminated plurality of information recording layers, 
and the recording or reproducing of the information is 
conducted onto the information recording layer selected by 
the selection means. The effect of such the invention is the 
same as in the fifth structure of the optical pick-up 
apparatus. 

A one hundred eighty second structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optica.1 system 
has at least 2 final optical elements, and each of the final 
optical elements is used for the recording or reproducing of 
the information onto the respectively different information 
recording layers, and when the selection means selects either 
one of the plurality of final optical elements, the recording 
or reproducing of the information is conducted onto the 
inf ormati:onzr;e;cor.ding layer corresponding, to the__selected ^ 
final optical element. The effect of such the invention is 

the „s.ame.:as in _ the:: sixth structure of the ^optica 1 pick-up 

apparatus . - — — - • - 

A one hundred eighty third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the selection means changes the 
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wavelength of the light source, corresponding to each of 
laminated information recording layers onto which the 
recording or reproducing of the information is to be 
conducted. The effect of such the invention is the same as 
in the seventh structure of the optical pick-up apparatus. 

A one hundred eighty fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the selection means provides at 
least one optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element on the light source side of the final optical 
element, corresponding to each of laminated information 
recording layers onto which the recording or reproducing of 
the information is to be conducted. The effect of such the 
invention is the same as in the eighth structure of the 
optical pick-up apparatus. 

information - recording and reproducing method of the -invention, 
is "characterized in that the~ opt ical^elemen^ to vary the 

divergence degree or- convergence degree of the incident light 

into the final optical element, has the positive lens group 
having the positive refractive power and the negative lens 
group having the negative refractive power, and at least one 
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lens group of them is a displaceable movable element . The 
effect of such the invention is the same as in the ninth 
structure of the optical pick-up apparatus. 

A one hundred eighty sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, is composed of one positive 
lens and one negative lens, and at least one of them is a 
displaceable movable element. The effect of such the 
invention is the same as in the tenth structure of the 
optical pick-up apparatus. 

A one hundred eighty seventh structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the information recording medium 
includes the first recording layer and the second recording 
3^ye^imlXhei^i^er^ 

-optical element , and when the recording or reproducing -is 

:c~ondu~c t^Ton t o^t he f i r s t recording l~aye:r^ 

-between the negative lens group and the positive lens group 
or the interval between the negative lens and the positive 
lens is more increased than the case where the recording or 
reproducing of the information is conducted onto the second 
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recording layer. The effect of such the invention is the 
same as in the eleventh structure of the optical pick-up 
apparatus . 

A one hundred eighty eighth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, corrects the spherical 
aberration or axial chromatic aberration which hinders the 
recording or reproducing of the information, in the 
information recording layer onto which the recording or 
reproducing is to be conducted. The effect of such the 
invention is the same as in the twelfth structure of the 
optical pick-up apparatus, 

A one hundred eighty ninth structure of the optical 
information recording and reproducing method of the invention 
i s._cha r a c t e r i z e d in th at t he optical e 1 emen t to ^gg^gg^ ^he-^ 
variation -of- -the spherical aberration and the axial_chromati,c 
aberration "Satisfies the following- expression . ... -rr~ : ~ — ~~ 

vdP > vdN (1) — — • 

Where, VdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , 
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vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group) . The 
effect of such the invention is the same as in the thirteenth 
structure of the optical pick-up apparatus. 

A one hundred ninetieth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the vdP and the VdN satisfy the 
following expressions. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A one hundred ninety first structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 

divergence degree or convergence degree of the incident light 
into the final optical element can change the refractive 
index distribution. The effect of such the invention is the 
same as in the fifteenth structure of the optical pick-up 
apparatus . 

A one hundred ninety second structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that at least one optical element 
constituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as in the sixteenth structure of the 
optical pick-up apparatus. 

A one hundred ninety third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system has a 
diffraction surface having a ring band-like diffraction 
structure. The effect of such the invention is the same as 
in the seventeenth structure of the optical pick-up 
apparatus . 

A one hundred ninety fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
eo3^stituting_ the. li ght _ c onverging optical systgm is -f ormed of 
the material whose specific gravity is not 1 ar g.e r__t han_.2_._Q_. 
The effect of such the-invent-ion— is— the-same-as in the 
eighteenth structure of the optical pick-up- apparatus . 

A one hundred ninety fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
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constituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as in the nineteenth structure of the optical pick- 
up apparatus . 

A one hundred ninety sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose saturation water absorption is not larger 
than 0.5 %. The effect of such the invention is the same as 
in the twentieth structure of the optical pick-up apparatus. 

A one hundred ninety seventh structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose internal transmissivity at the 3 mm 
tfarckness to the ■ Mgte el - ^e ^g^il^feioi waveleng thr vol the 
— — light source is not smaller t han--85--% — The - ef f e ct— of— such — 

the invention is the same as in the twenty first structure of 
. : the optical pick-up apparatus. 

A one hundred ninety eighth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
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has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 
effect of such the invention is the same as in the twenty 
second structure of the optical pick-up apparatus. 

A one hundred ninety ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one of diaphragms is 
positioned between the final optical element and the optical 
information recording medium. The effect of such the 
invention is the same as in the twenty third structure of the 
optical pick-up apparatus. 

A two hundredth structure of the optical information 
recording and reproducing method of the invention is 
characterized in that at least one optical element of the 
light converging optical system is formed by etching. The 

: ef f ect- of such the- iive iitiffv is- tl|e same- as in the_ twenty 

fourth structure of the- optical -pick-up. apparatus . - — - 

In a two hundred first structure of the: optical 

information recording and reproducing method of invention, 
the optical pick-up apparatus has the light source and the 
light converging optical system to light converge the 
luminous flux emitted from the light source onto any one of 
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information recording layers of the optical information 
recording medium having a laminated plurality of information 
recording layers, and the optical information recording and 
reproducing method is characterized in that, when the light 
converging optical system light converges the luminous flux 
whose image side numerical aperture is not smaller than 1.0, 
onto the information recording layer, by using the optical 
pick-up apparatus having the final optical element opposite 
to the optical information recording medium, spacing the 
interval not larger than the wavelength of the light source, 
the recording or reproducing of the information is to 
conducted onto the information recording layer. The effect 
of such the invention is the same as in the twenty fifth 
structure of the optical pick-up apparatus. 

A two hundred second structure of the optical 
information recording and reproducing method of the invention 
j^-C haracterized in tha t the 1 igh t_- cpnve rg ingF_op t i ca 1 system 
has the f inal optical element opposite to 4he optical 
informat i on recording medium, and, the—final— optical surface 
of the final optical element „ is. approximate to the surface of 
the optical information recording medium spacing the interval 
not larger than one fourth of the wavelength of the light 
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source. The effect of such the invention is the same as in 
the third structure of the optical pick-up apparatus. 

A two hundred third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that a plurality of light converging 
optical systems are provided, and each of light converging 
optical systems is used for the recording or reproducing of 
the information onto the respectively different information 
recording layers. The effect of such the invention is the 
same as in the fourth structure of the optical pick-up 
apparatus . 

A two hundred fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical pick-up apparatus has a 
selection means for selecting the information recording layer 
onto which the recording or reproducing is to be conducted, 
from a laminated pluralit y of in formatio n recording layers,- 
and the recording or reproducing of the information is 
..conducted onto the information recording layer_. selected by 
the selection means. The effect of such the invention is the 
same as in the fifth structure of the optical pick-up 
apparatus . 
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A two hundred fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
has at least 2 final optical elements, and each of the final 
optical elements is used for the recording or reproducing of 
the information onto the respectively different information 
recording layers, and when the selection means selects any 
one of the plurality of final optical elements, the recording 
or reproducing of the information is conducted onto the 
information recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as in the sixth structure of the optical pick-up 
apparatus . 

A two hundred sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the selection means changes the 
wavel^nQtii of the - jLicyhb source , corresponding to each of 
laminated information recording layers onto which the 
recording or reproducing of the information, is to be 
conducted. The effect of such the invention is the same as 
in the seventh structure of the optical pick-up apparatus. 

A two hundred seventh structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that the selection means provides at 
least one optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element on the light source side of the final optical 
element, corresponding to each of laminated information 
recording layers onto which the recording or reproducing of 
the information is to be conducted. The effect of such the 
invention is the same as in the eighth structure of the 
optical pick-up apparatus. 

A two hundred eighth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, has the positive lens group 
having the positive refractive power and the negative lens 
group having the negative refractive power, and at least one 
3.ens__group of them is a di s place able movable element.. The :.- 
effect of such the invention is the same as in the ninth 
structure of the optical pick-up apparatus. 

A two hundred ninth structure, of - the. optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
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into the final optical element, is composed of one positive 
lens and one negative lens, and at least one of them is a 
displaceable movable element. The effect of such the 
invention is the same as in the tenth structure of the 
optical pick-up apparatus. 

A two hundred tenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the information recording medium 
includes the first recording layer and the second recording 
layer in the order of the distance nearer from the final 
optical element, and when the recording or reproducing is 
conducted onto the first recording layer, the interval 
between the negative lens group and the positive lens group 
or the interval between the negative lens and the positive 
lens is more increased than the case where the recording or 
reproducing of the information is conducted onto the second 

^recording layer The effect of -such thLe_irivention is the 

same as in the eleventh structure of the optical pick-up 
apparatus . -~ - - - - - 

A two hundred eleventh structure.^of- the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 



99 



5045 



into the final optical element, corrects the spherical 
aberration or axial chromatic aberration which hinders the 
recording or reproducing of the information, in the 
information recording layer onto which the recording or 
reproducing is to be conducted. The effect of such the 
invention is the same as in the twelfth structure of the 
optical pick-up apparatus. 

A two hundred twelfth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to correct the 
variation of the spherical aberration and the axial chromatic 
aberration satisfies the following expression. 

vdP > vdN (1) 
Where, vdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , VdN 
: the average of Abbe's number of the d line of all negative 
~1 €tLse \W "including the 'Ti€gstri?7e-^eti&--( groupi" The==ef*iect=-6i 
such the invention is the same as in the thirteenth structure 
of the optical pick-up apparatus. 

A two hundred thirteenth structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that the vdP and the vdN satisfy the 
following expressions. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus . 

A two hundred fourteenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element can change the refractive 
index distribution. The effect of such the invention is the 
same as in the fifteenth structure of the optical pick-up 
apparatus . 

A two hundred fifteenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical elementf - 
constituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as in the sixteenth structure of the 
optical pick-up apparatus. 
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A two hundred sixteenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system has a 
diffraction surface having a ring band-like diffraction 
structure. The effect of such the invention is the same as 
in the seventeenth structure of the optical pick-up 
apparatus . 

A two hundred seventeenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 
The effect of such the invention is the same as in the 
eighteenth structure of the optical pick-up apparatus. 

A two hundred eighteenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as in the nineteenth structure of the optical pick- 
up apparatus . 
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A two hundred nineteenth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose saturation water absorption is not larger 
than 0.5 %. The effect of such the invention is the same as 
in the twentieth structure of the optical pick-up apparatus. 

A two hundred twentieth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose internal transmissivity at the 3 mm 
thickness to the light of the oscillation wavelength of the 
light source is not smaller than 85 %. The effect of such 
the invention is the same as in the twenty first structure of 
the optical pick-up apparatus. 

A two_ hundred twenty first structure of th e- optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 
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effect of such the invention is the same as in the twenty 
second structure of the optical pick-up apparatus. 

A two hundred twenty second structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one diaphragm of the 
diaphragms is positioned between the final optical element 
and the optical information recording medium. The effect of 
such the invention is the same as in the twenty third 
structure of the optical pick-up apparatus. 

A two hundred twenty third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element of the 
light converging optical system is formed by etching. The 
effect of such the invention is the same as in the twenty 
fourth structure of the optical pick-up apparatus. 

A two hundred twenty fourth structure of the optical 
information recording ^ and^ r^pjrodu^ng_method of the invention 
is characterized in that the optical pick-up apparatus which 
has the light source and the light converging optical system 
to light converge the luminous flux emitted from the light 
source onto any one of information recording layers of the 
optical information recording medium having a transparent 
substrate whose thickness is not smaller than the wavelength 
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of the light source on the outermost information recording 
layer, and when, by using the optical pick-up apparatus 
having the final optical element opposite to the transparent 
substrate spacing the interval not larger than the wavelength 
of the light source, the light converging optical system 
light -converges the luminous flux whose image side numerical 
aperture is not smaller than 1.0 onto the information 
recording layer, the recording or reproducing of the 
information is conducted onto the information recording 
layer. The effect of such the invention is the same as in 
the forty eighth structure of the optical pick-up apparatus. 

A two hundred twenty fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the final optical surface of the 
final optical element is approximate to the surface of the 
optical information recording medium spacing the interval not 

_ larger than one fourth of the wavelength, of the light source. 

The effect of such the invention is the same as in the third 
structure of the optical pick-up apparatus. 

A two hundred twenty sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that a plurality of light converging 
optical systems are provided, and each of light converging 
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optical systems is used for the recording or reproducing of 
the information onto the respectively different information 
recording layers. The effect of such the invention is the 
same as in the fourth structure of the optical pick-up 
apparatus . 

A two hundred twenty seventh structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical pick-up apparatus has a 
selection means for selecting the information recording layer 
onto which the recording or reproducing is to be conducted, 
from a laminated plurality of information recording layers, 
and the recording or reproducing of the inf o urination is 
conducted onto the information recording layer selected by 
the selection means. The effect of such the invention is the 
same as in the fifth structure of the optical pick-up 
apparatus . 

A two ji undred twent y^ e ighth structure of the optical 

information recording and reproducing method- of the invention 
is characterized in. that the light converging optical system 
has at least 2 final optical elements , „and each of the final 
optical elements is used for the recording or reproducing of 
the information onto the respectively different information 
recording layers, and when the selection means selects any 
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one of the plurality of final optical elements, the recording 
or reproducing of the information is conducted onto the 
information recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as in the sixth structure of the optical pick-up 
apparatus . 

A two hundred twenty ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the selection means changes the 
wavelength of the light source, corresponding to each of 
laminated information recording layers onto which the 
recording or reproducing of the information is to be 
conducted. The effect of such the invention is the same as 
in the seventh structure of the optical pick-up apparatus. 

A two hundred thirtieth structure of the optical 
information recording and reproducing method of the invention 

is characteri zed in that the^ selection m eans provides at 

least one optical element - to -vary- the divergence degree or 
convergence -degree, of the incident light into the final 
optical element on the light source side of the final optical 
element, corresponding to each of laminated information 
recording layers onto which the recording or reproducing of 
the information is to be conducted. The effect of such the 
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invention is the same as in the eighth structure of the 
optical pick-up apparatus. 

A two hundred thirty first structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, has the positive lens group 
having the positive refractive power and the negative lens 
group having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. The 
effect of such* the invention is the same as in the ninth 
structure of the optical pick-up apparatus. 

A two hundred thirty second structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into th e final optical element, is com posed of one posit ive__ = 
lens and one negative lens, and- at least one of them is a 
displaceable movable element. The effect of such the 
invention is the same as in the tenth structure of the 
optical pick-up apparatus. 

A two hundred thirty third structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that the information recording medium 
includes the first recording layer and the second recording 
layer in the order of the distance nearer from the final 
optical element, and when the recording or reproducing is 
conducted onto the first recording layer, the interval 
between the negative lens group and the positive lens group 
or the interval between the negative lens and the positive 
lens is more increased than the case where the recording or 
reproducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as in the eleventh structure of the optical pick-up 
apparatus . 

A two hundred thirty fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 

J.nto t he final optical e lement^ corrects th e spherical 

aberration or axial chromatic aberration which hinders the 

recording or reproducing of the information, in the . 

information recording layer onto which the recording or 
reproducing is to be conducted. The effect of such the 
invention is the same as in the twelfth structure of the 
optical pick-up apparatus. 
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A two hundred thirty fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to correct the 
variation of the spherical aberration and the axial chromatic 
aberration satisfies the following expression. 

vdP > vdN (1) 
Where, VdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group), VdN 
: the average of Abbe's number of the d line of all negative 
lenses including the negative lens (group) . The effect of 
such the invention is the same as in the thirteenth structure 
of the optical pick-up apparatus. 

A two hundred thirty sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the vdP and the VdN satisfy the 
following expressions. 

VdP > 55 (2) 

VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A two hundred thirty seventh structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that the optical element to vary the 

divergence degree or convergence degree of the incident light 
into the final optical element can change the refractive 
index distribution. The effect of such the invention is the 
same as in the fifteenth structure of the optical pick-up 
apparatus . 

A two hundred thirty eighth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as in the sixteenth structure of the 
optical pick-up apparatus. 

A two hundred thirty ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 

constituti ng the lig ht converging optical ^system has a ^ 

diffraction surface having- a- ring band- like- diffract ion 
structure -.— The effect of such the invention- is the same as ^ - 
in the seventeenth structure of the optical pick-up 
apparatus . 

A two hundred fortieth structure of the optical 
information recording and reproducing method of the invention 



Ill 



5045 



is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 
The effect of such the invention is the same as in the 
eighteenth structure of the optical pick-up apparatus. 

A two hundred forty first structure of the optical 
information recording and reproducing method of the invention 

L 

is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as in the nineteenth structure of the optical pick- 
up apparatus . 

A two hundred forty second structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material - whose _satuyat ion water absor pt io i ^ is not laygey^ 
-than -0,5 % . — The effect of - such - the invention is the. same as 
in the twentieth structure of the optical pick-up apparatus. 

A two hundred forty third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
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the material whose internal transmissivity at the 3 mm 
thickness to the light of the oscillation wavelength of the 
light source is not smaller than 85 %. The effect of such 
the invention is the same as in the twenty first structure of 
the optical pick-up apparatus. 

A two hundred forty fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 
effect of such the invention is the same as in the twenty 
second structure of the optical pick-up apparatus. 

A two hundred forty fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one diaphragm of the 
diaphragms _,is posit ioned„ Jihe_f ina 1 optical- element 

and- the - opti eai -i-nf ormat ion recording medium . The effect of — 
-such the invention is the same as in the twenty third — - 
structure of the optical pick-up apparatus. 

A two hundred forty sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element of the 



113 



5045 



light converging optical system is formed by etching. The 
effect of such the invention is the same as in the twenty 
fourth structure of the optical pick-up apparatus. 

In a two hundred forty seventh structure of the optical 
information recording and reproducing method of the 
invention, in which, by using the optical pick-up apparatus 
which has the light source and the light converging optical 
system to light converge the luminous flux emitted from the 
light source onto any one of information recording layers of 
the optical information recording medium having a plurality 
of laminated information recording layers, the recording or 
reproducing of the information is conducted onto the optical 
information recording medium, the optical information 
recording and reproducing method is characterized in that, by 
a predetermined optical pick-up element provided between the 
light source and the final optical element of the light 
converging optical system, the information recording lay er 
onto . _whi ch Jt he__re_cp r di ng or reproducing of the information is 
_tp„._be conducted is changed. The effect of such the inve ntion 
is the same as in the seventy first of the optical pick-up 
apparatus . 

A two hundred forty eighth structure of the optical 
information recording and reproducing method of the invention 
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is characterized in that the optical element to change the 
information recording layer onto which the recording or 
reproducing of the information is to be conducted, varies the 
divergence degree or convergence degree of the incident light 
into the final optical element. The effect of such the 
invention is the same as in the eighth structure of the 
optical pick-up apparatus. 

A two hundred forty ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, has the positive lens group 
having the positive refractive power and the negative lens 
group having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. The 
effect of such the invention is the same as in the ninth 

structure of the optical pick-up apparatus. 

- A two hundred fiftieth structure of the optical _ 

information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, is composed of one positive 
lens and one negative lens, and at least one of them is a 
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displaceable movable element. The effect of such the 
invention is the same as in the tenth structure of the 
optical pick-up apparatus. 

A two hundred fifty first structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the information recording medium 
includes the first recording layer and the second recording 
layer in the order of the distance nearer from the final 
optical element, and when the recording or reproducing is 
conducted onto the first recording layer, the interval 
between the negative lens group and the positive lens group 
or the interval between the negative lens and the positive 
lens is more increased than the case where the recording or 
reproducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as in the eleventh structure of the optical pick-up 
apparatus . „ _ . ; 

A two hundred fifty second structure of the optical 
information recording and reproducing method of the invention - 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element, corrects the spherical 
aberration or axial chromatic aberration which hinders the 
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recording or reproducing of the information, in the 
information recording layer onto which the recording or 
reproducing is to be conducted. The effect of such the 
invention is the same as in the twelfth structure of the 
optical pick-up apparatus . 

A two hundred fifty third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to correct the 
variation of the spherical aberration and the axial chromatic 
aberration satisfies the following expression. 

vdP > vdN (1) 
Where, VdP : the average of Abbe's number of the d line of 
all positive lenses including the positive lens (group) , vdN 
: the average of Abbe ' s number of the d line of all negative 
lenses including the negative lens (group) • The effect of 
such the invention is the same as in the thirteenth structure 
~o~f~~the optri^F^i"cK"-up apparatus. " ~~~ 

A two hundred fifty fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the value vdP and the value vdN 
satisfy the following expressions. 

vdP > 55 (2) 
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VdN < 35 (3) 
The effect of such the invention is the same as in the 
fourteenth structure of the optical pick-up apparatus. 

A two hundred fifty fifth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the incident light 
into the final optical element can change the refractive 
index distribution. The effect of such the invention is the 
same as in the fifteenth structure of the optical pick-up 
apparatus . 

A two hundred fifty sixth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 

invent ion^-is— the - same^ as in the— sixte enth— struct ure__of__t he 

optical pick-up appaf at us . " ^ 

: ' — A two hundred fifty seventh structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system has a 
diffraction surface having a ring band-like diffraction 
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structure. The effect of such the invention is the same as 
in the seventeenth structure of the optical pick-up 
apparatus . 

A two hundred fifty eighth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 
The effect of such the invention is the same as in the 
eighteenth structure of the optical pick-up apparatus. 

A two hundred fifty ninth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as in the nineteenth structure of the optical pick- 
. up apparatus . _ . . _: 

A two hundred sixtieth structure of the optical 

.. information recording and reproducing method : of the invention 

is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose saturation water absorption is not larger 
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than 0.5 %. The effect of such the invention is the same as 
in the twentieth structure of the optical pick-up apparatus . 

A two hundred sixty first structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element 
constituting the light converging optical system is formed of 
the material whose internal transmissivity at the 3 mm 
thickness to the light of the oscillation wavelength of the 
light source is not smaller than 85 %. The effect of such 
the invention is the same as in the twenty first structure of 
the optical pick-up apparatus. 

A two hundred sixty second structure of the optical 
information recording and reproducing method of the invention 
is characterized in that the light converging optical system 
has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The , , , 

— - - ef fect of such the invention is the same as in the twenty • 

. . .. second structure of the optical pick-up apparatus. . .. . .... 

A two hundred sixty third structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one diaphragm of the 
diaphragms is positioned between the final optical element 
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and the optical information recording medium. The effect of 
such the invention is the same as in the twenty third 
structure of the optical pick-up apparatus. 

A two hundred sixty fourth structure of the optical 
information recording and reproducing method of the invention 
is characterized in that at least one optical element of the 
light converging optical system is formed by etching. The 
effect of such the invention is the same as in the twenty 
fourth structure of the optical pick-up apparatus. 

In the present specification, the phrase of the 
recording or reproducing of the information onto the 
information recording layer, means, when the information 
recording layer is structured by the layer through which the 
light can be transmitted, and information recording surface, 
the information recording light is irradiated onto the 
information recording surface through the layer through which 
the light can be transmitted, an d the recording of the „ ^ 

information is conducted— on^to— that posit ion ,= or the - — . - 

_ reproducing- _of_ the information is conducted from that _ , . . . , ._ 

position. 

The diffraction surface used in the present 
specification means that the surface of the optical element, 
for example, on the surface of the lens, a relief is 
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provided, and a mode (or a surface) in (or on) which the 
angle of the light is changed by the diffraction, and when 
there is, on one optical surface, an area in which the 
diffraction is generated and not generated, it means the area 
in which the diffraction is generated. As the shape of the 
relief, for example, on the surface of the optical element, 
it is formed as an almost concentric circle-like ring band 
around the optical axis, and when viewing its cross section 
on the surface including the optical axis, it is well known 
that each ring band has a saw- toothed shape, and it includes 
such the shape. Specifically, such the saw- toothed ring band 
structure is preferable. 

The light converging optical system used in the present 
specification means the optical element group to light 
converge the luminous flux emitted from the light source, or 
optical element group concerning the light convergence (for 
example, including a beam expande r or negative lens of the 
aber ration - cor rec t i on system). The final -optical element 
means the optical element including_in the„ light converging 
optical system which is most approximate to or in contact 
with the optical information recording medium. 

The beam expander used in the present specification 
means at least one optical element such as a lens is 
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displaceable, and thereby, the divergent angle (divergent 
action, convergent action are included) can be changed, and 
when almost parallel luminous flux is incident to it, it 
means a collective body of optical elements such as lenses 
(optical element group such as lens group) from which almost 
parallel light can be emitted. It is preferable that a 
plurality of optical elements such as these lenses are 
integrated, and when at least the optical element such as one 
lens is structured to be displaceable , the drive means such 
as a displacing apparatus to practically displace it, may not 
be included as a beam expander. 

In the present specification, as the optical 
information recording medium, it may be a disk-like medium 
which rotates around the center of the disk as the axis, or 
may not be so. Further, as the recording or reproducing 
system of the information onto the information recording 
layer, it may be a system using the phase change recording 

_ system _such as _a__CD, or=,mn) ,_or._ when it is a system, in which 

the recordin g or re producing is conducted by using th e 
converged light, it may not be limited to that. 

In the present specification, the recording or 
reproducing of the information means that the information is 
recorded on the information recording surface of the optical 



123 



5045 



information recording medium as described above, or the 
information recorded on the information recording surface is 
reproduced. The optical pick-up apparatus of the present 
invention may be used for conducting only recording or only 
reproducing, and may be used for conducting both of the 
recording and reproducing. Further, it may be used for 
conducting the recording onto one optical information 
recording medium, and conducting the reproducing onto another 
optical information recording medium, and it may be used for 
conducting the recording or reproducing onto an optical 
information recording medium, and conducting the recording 
and reproducing onto another optical information recording 
medium. In this connection, the reproduction used herein 
includes also only the reading of the information. 

The optical pick-up apparatus of the present invention 
can be mounted onto the recording and/or reproducing 
- apparatus of the digital data including the voice and image„ 

of —each -kind of— player^ or drive , or a medi a— equipment, in 

.., -which these , are assembled , personal compu t e r , and other. ....... 

information devices. 
(Embodiment of the invention) 

Referring to the drawings, an embodiment of the 
invention will be described below. Fig. 2 is an outline 
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structural view of an optical pick-up apparatus by which the 
recording or reproducing of the information can be conducted 
onto a multi- layer type optical information recording medium 
which is an embodiment of the present invention. In Fig. 2, 
the divergent angle of the information recording light 
emitted from the first light source 11 is changed by a 
coupling lens 15, and after the light passes through a beam 
splitter 61, the divergent angle is changed by a coupling 
lens 21, and after passed through an 1/4 wavelength plate 71, 
the light passes through a beam splitter 62, and passes 
through a negative lens 5 and positive lens which are 
displaceable in the optical axis direction, and enters into 
an objective lens 1 stopped down by a diaphragm 8A. In the 
present embodiment, the objective lens 1 is structured by the 
second lens la and the solid immersion lens lb which is a 
final optical element. The . information recording light 

= - emitted from the obje ctive lens 1 is not_ stopped down by the 

diaphragm- 8B -arranged on the emitt ing surf a.oe_lb_of _±he_ solid 

- immersion -lens ,. and image - formed onto the first recording 

layer 23a of a multi -layer (in which a plurality of (herein, 
2) information recording layers are provided) type optical 
information recording medium 23, and the information is 
recorded or reproduced. It is preferable that the second 
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lens la of the objective lens 1 and the solid, immersion lens 
lb which is a SIL (Solid Immersion Lens) (or another optical 
element) , are formed of the plastic material whose saturation 
water absorption is not larger than 5 %. The beam expander 
is structured by the negative lens 5, positive lens 6, and an 
actuator 7* Further, a light converging optical system is 
composed of the coupling lens 15, 21, negative lens 5, 
positive lens 6, and objective lens 1. 

The light reflected by the first recording layer 23a of 
the optical information recording medium 2 3 goes the same 
light path, and is reflected by the beam splitter 62, and 
image -formed onto the light receiving surface of a light 
detector 41 through a cylindrical lens 9 and concave lens 16. 

On the one hand, the information recording light 
irradiated from the second light source 12, passes through a 
hologram 17, and the divergent angle is changed by a coupling 
lens 22 , and af ter^t he li ght_ passej^ through the 1/4 
wavelength-plate, it is reflected by a beam spl itter— 62,- -and 
^by an actuator 7, it passes the displaceable negative-lens -5 _ 
and positive lens 4, and is not stopped down by the diaphragm 
8A, and enters into the objective lens 1. The information 
recording light emitted from the objective lens 1 is image- 
formed onto the second recording layer 23b after it is 
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stopped down by the diaphragm 8B arranged on the emitting 
surface lb of the solid immersion lens, and the recording or 
reproducing of the information is conducted. 

The light reflected by the second recording layer 23b 
of the optical information recording medium 23 passes the 
same light path and reflected by the beam splitter 62, and 
image- formed onto the light receiving surface of the light 
detector 42 through the 1/4 wavelength plate 72, coupling 
lens 22, and hologram 17 which separates the reflected light. 

Herein, the interval between the solid immersion lens 
lb and the optical information recording medium 23 is, as 
shown in Fig. 1, not larger than 1/4 of the wavelength of the 
information recording light. Accordingly, according to the 
present embodiment, by using the near field effect, the 
recording or reproducing of the information can be conducted 
onto the information recording surface of each of information 
■recording layers,,, through a ^ (not shown) of 

the opt ical -inf ormat ion recording -medium 23 -by the ... . . 

„_ information recording light whose image side numerical 
aperture (NA) is not smaller than 1, including the evanescent 
light from the solid immersion lens lb. 

Further, in the present embodiment, when the negative 
lens 5 is moved in the optical axis direction by the actuator 
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7 , the recording or reproducing of the information may be 
conducted onto the different information recording layers. 
Specifically, when the interval between the negative lens 5 
and positive lens 6b is increased, the recording or 
reproducing of the information is conducted onto the 
information recording layer 23a nearer to the solid immersion 
lens lb, and when the interval between the negative lens 5 
and positive lens 6 is reduced, the recording or reproducing 
of the information can be conducted onto the information 
recording layer 23b farther from the solid immersion lens lb. 
In the present embodiment, a selection means is structured by 
beam expanders (5, 6, 7) which function as a transfer 
apparatus to change the divergent angle of the luminous flux, 
and further, function as the optical element to change the 
information recording layers onto which the recording or 
reproducing of the information is to be conducted. 

... .Further,,, in .the present embod iment , corresponding to a 

fact that the wavelengths of the first light source 11 and 
the. second light source 12 are different, by using that the 
focal distance of the objective lens changes, the recording 
or reproducing of the information may be conducted onto the 
different information recording layers thereby - In such the 
case, the selection means used in the present invention means 
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that the first light source 11, and second light source 12, 
and each of optical systems through which the information 
recording light irradiated from them passes. Such the optical 
system is, in the present embodiment, used as a common in a 
portion, however, it may be an independently separated one. 
However, when the optical element constituting each optical 
system is formed of a material whose internal transmissivity 
is not smaller than 85 % at the 3 mm thickness, the loss at 
the time of light transmission can be preferably suppressed. 

In this connection, in order to selectively conducting 
the recording or reproducing of the information onto each of 
information recording layers 23a, 23 b of the optical 
information recording medium 23, it is considered that, for 
example, 2 of the second lenses la of the objective lens, or 
the solid immersion lenses lb are prepared, and are 
separately used corresponding to the information recording 
layers onto which the re cor diner or reproducing, of the 
information is required to be conducted. - - 

...... As a means for correcting the variation of the 

spherical aberration and axial chromatic aberration, when the 
optical surface of the second lens la of the objective lens 1 
is formed into an aspherical surface, the aberration becomes 
fine, and further, when the diffraction ring band is formed 
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on the optical surface, the axial chromatic aberration 
correction or the temperature correction becomes possible. 
However, such the aspherical surface or diffraction ring band 
may be provided on another optical element (the coupling lens 
15, 21, 22, negative lens 5, positive lens 6) . 

When the negative lens 5 and positive lens 6 are used 
as a means for correcting the variation of the spherical 
aberration and axial chromatic aberration, it may be 
preferable when the following expression is satisfied. 

vdP > VdN (1) 
Particularly, it is preferable when the following expressions 
are satisfied. 

VdP > 55 (2) 

VdN < 35 (3) 
Where, vdP : the average of Abbe's number of the d line of 
the positive lens 6, and VdN : the average of Abbe's number 
of the d line of the negative lens 5. 

Fig. 3 is an outline structural view showing the 
optical system according to the second embodiment. In the 
present embodiment, it is different that, instead of the beam 
expander shown in Fig. 2, the optical element SE is used and 
the light converging optical system is structured. The 
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optical system SE as the changing means is an element by 
which the refractive index distribution can be changed, and 
in Fig. 3, it is arranged on the light source (not shown) 
side of the solid immersion lens lb. 

The optical element SE is formed in such a manner that, 
as shown in Fig. 3, for example, an electrode layers a, b, 
and c which are electrically connected and optically 
transparent, and a refractive index changeable layers d, e, 
which are electrically insulated from the electrode layers a, 
b, c, and by which the refractive index distribution is 
changed corresponding to the applied voltage, are alternately 
laminated, and the optically transparent electrodes a, b, c 
are divided into a plurality of areas . 

Herein, by using the optical element SE, to select the 
information recording layers of the multi- layer type optical 
information recording medium 23, the voltage is applied onto 

the electrode layers a, b, c by the drive apparatus PS of the 

optical element SE,— and- when the ref ractive index of the 

- ^refractive- index .changeable layers d, e is changed _ _ 

corresponding to the place, and the phase of the emitted 
light from the optical element SE toward the solid immersion 
lens lb is controlled, the divergence degree or convergence 
degree of the incident light into the solid immersion lens lb 
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can be changed. When the divergence degree or convergence 
degree of the incident light into the solid immersion lens lb 
is changed, the image formation position of the light which 
is light converged by the solid immersion lens lb is changed, 
thereby, the information recording layer onto which the 
information is recorded or reproduced can be changed. 

Fig. 4 is an outline structural view showing the 
optical system according to the third embodiment. In the 
present embodiment, the optical element SE as the changing 
means is provided with a liquid crystal element a' in which 
the liquid crystal molecule is arranged aligning in the 
arbitrary X direction, in the vertical surface to the optical 
axis, and a liquid crystal element b' in which the liquid 
crystal molecule is arranged aligning in the Y direction 
perpendicular to the X direction, in the vertical surface to 
the optical axis, and by the liquid crystal element a' , b' , 
the glass substrate c'_ is nipped, and alternately laminated, 
• — and a 1/2 wavelength plate d' is arranged between the inside., 
glass substrates c .' . __ _ ? . . . . -„ 

Herein, by using the optical element SE, to select the 
information recording layer of the multi- layer type optical 
information recording medium 23, when the voltage is applied 
onto the liquid crystal elements a' , b' by the drive 
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apparatus DS of the optical element SE, and the X direction 
component and Y direction component of the phase of the 
emitted light from the optical element SE are independently 
controlled, the divergence degree or convergence degree of 
the incident light into the solid immersion lens lb can be 
changed. When the divergence degree or convergence degree of 
the incident light into the solid immersion lens lb is 
changed, the image formation position of the light which is 
light converged by the solid immersion lens lb is changed, 
thereby, the information recording layer onto which the 
information is recorded or reproduced can be changed. 

As described above, according to the optical element SE 
shown in Figs . 3 and 4, when the refractive index 
distribution is generated corresponding to the voltage 
impression, thereby, the layer which is an object of the 
recording or reproducing is changed, the light converging 
optical system not_hayinQ movable parts and having a . . 

mechanical 1-y -simple structure can be provided. In this- -- 

connection, as it is well known, by the optical element .SE, ^ 
the variation of the spherical aberration can also be 
corrected. 

Fig. 5 is a view showing the relationship between the 
final optical element and the diaphragm, according to the 
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fourth embodiment. As shown in Fig. 5(a), the information 
recording light by which the information is recorded or 
reproduced onto the first information recording layer 23a 
(Fig. 2) of the information recording layers 23 is stopped 
down by the diaphragm 108A arranged on the incident surface 
side of a single dioptric SIM (Solid Immersion Mirror, 
hereinafter, called SIM) , lb' as the final optical element 
supported through an interval not larger than 1/4 of the 
using wavelength to the optical information recording medium 
23, and as shown in Fig 5(b), the information recording light 
by which the information is recorded or reproduced onto the 
second information recording layer 23b (Fig. 2) of the 
information recording layers 2 3 is stopped down by the 
diaphragm (transmission opening portion) 108B arranged 
between the SIM lb' and optical information recording medium 
23. 

— Fi<^^6^is^a— view, showing the relationship between the 

objective lens- and -the diaphragm according to the fifth 
embodiment. As shown in Fig. 6(a), the information recording 
light by which the information is recorded or reproduced onto 
the first information recording layer 23a (Fig. 2) of the 
information recording layers 2 3 is stopped down by the 
diaphragm 208A arranged on the incident surface side of the 
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second lens la of the objective lens, and as shown in Fig. 
5(b), the information recording light by which the 
information is recorded or reproduced onto the second 
information recording layer 2 3b (Fig. 2) of the information 
recording layers 23 is stopped down by a diaphragm 
(transmission opening portion) 2 0 8B arranged between the 
solid immersion lens lb and the optical information recording 
medium 23. According to the 4 and 5 invention described 
above, the image side numerical aperture (NA) in the case 
where the information is recorded or reproduced onto each of 
information recording layers can be respectively 
independently set when the diameters of the apertures of the 
diaphragms 108A and 108B or 208A and 208B are adjusted. 

Fig. 7 is a view showing a light converging optical 
system according to the sixth embodiment. The light 
converging optical system of the present embodiment is 
structured by- a„ SIM lb ' supported , through the interval not 

larger than— 1-/-4 of the using wavelength to the multi-layer 

type optical information recording medium 23, and a beam 
expander structured by respectively one positive lens 105 and 
one negative lens 106 from the light source side, not shown. 
When, from the position shown in Fig. 7(a), only the positive 
lens 105 of the beam expander is moved along the optical axis 
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to the SIM lb' side (position shown in Fig. 7(b)), the 
divergence degree of the incident light into the SIM lb' is 
changed, thereby, the information recording layer of the 
optical information recording medium 23 which is an object to 
record or reproduce the information, is changed. In this 
connection, the order of the positive lens 105 and negative 
lens 106 is not also concerned about the order of the 
negative lens and positive lens from the light source. 

Fig. 8 is a view showing a light converging optical 
system according to the seventh embodiment. The light 
converging optical system of the present embodiment is 
structured by a solid immersion lens lb supported through the 
interval of 1/4 of the using wavelength to the multi- layer 
type optical information recording medium 23, and a beam 
expander structured by respectively one positive lens 205 and 
one negative lens 206 from the light source side, not shown. 
When, from ^the position shown in Fig . 8 (a) , .only the positive _ 
lens 205 of the beam expander is moved along the optical axis— 
to the solid immersion lens lb side (position shown in Fig . 
8 (b) ) , the divergence degree of the incident light into the 
solid immersion lens lb is changed, thereby, the information 
recording layer of the optical information recording medium 
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23 which is an object to record or reproduce the information, 
is changed. 

Fig. 9 is a view showing a light converging optical 
system according to the eighth embodiment . The light 
converging optical system of the present embodiment is 
structured by a solid immersion lens lb supported through the 
interval of 1/4 of the using wavelength to the multi- layer 
type optical information recording medium 23, and a beam 
expander structured by the second lens la and diaphragm 3 08A, 
and respectively one negative lens 305 and one positive lens 
3 06 from the light source side, not shown. When, from the 
position shown in Fig. 9(a), only the negative lens 305 of 
the beam expander is moved along the optical axis to the 
solid immersion lens lb side (position shown in Fig. 9(b)), 
the divergence degree of the incident light into the solid 
immersion lens lb is changed, thereby, the information 

^ recording layer of, the optical information recording medium ^ 

23 which- is an object to record or. reproduce the information, 

^ is changed. 

Fig. 10 is a view showing an objective lens composition 
according to another embodiment. In Fig. 10, the solid 
immersion lens lb is a super semi -spherical lens, and 
structured so that the following aplanatic conditional 
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expressions are realized. Further, the light converging 
point of the solid immersion lens lb is at just an 
intermediate between 2 recording layers . 

S = r(l + (n' / n)) (4) 

S' = r(l + (n / n')) (5) 
Where, S: the distance from the image forming point P of the 
second lens la to the apex V of the < solid immersion lens lb, 
S' : the distance from the image forming point P' of the 
composite system to the apex V of the solid immersion lens 
lb, r: the radius of curvature of the solid immersion lens 
lb, n: the refractive index of the air, and n' : the 
refractive index of the solid immersion lens lb. 

Herein, in Fig. 10, the numerical aperture (NA) of the 
second lens la is sin 0 (0 is a half angle of the maximum 
conical angle of the image space of the objective lens) , and 
NA' in the composition system of the objective lens composed 
of the- second lens la— and the s olntd immersion lens—lb— can be 
expressed by (n' ) 2 • sin 6 (in this connection, h' is the 
refractive index of the solid immersion lens lb) . Further, 
when the aberration of the objective lens is finely 
corrected, this solid immersion lens lb can realize the light 
convergence of almost no aberration. Accordingly, when the 
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objective lens for the existing CD, DVD is used as the 
objective lens, the optical system whose image side numerical 
aperture (NA) is not smaller than 1, and whose aberration is 
finely corrected, can be easily obtained. 

According to the optical pick-up apparatus and 
objective lens of the present invention, the large capacity 
of optical information recording and/or reproduction, which 
is more increased than the conventional one, together with 
both the area recording density and volume recording density 
of the optical information recording medium, can be 
conducted. 



